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(54) POLYSILOXANE, PROCESS FOR PRODUCTION THEREOF AND RADIATION-SENSITIVE 
RESIN COMPOSITION 

(57) A novel polysiloxane having high transparency to radiations with a wavelength of 193 nm or less, particularly 
1 57 nm or less, and exhibiting superior dry etching resistance and a radiation-sensitive resin composition comprising 
the polysiloxane exhibiting superior sensitivity, resolution, and the like are provided. The polysiloxane is a resin having 
the structural unit (I) and/or structural unit (II) of the following formula (1), and having an acid-dissociable group, 
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W wherein R 1 represents a monovalent aromatic group substituted with a fluorine atom or a fluoroalkyl group or a mono- 
valent aliphatic group substituted with a fluorine atom or a fluoroalkyl group and R 2 represents the above a monovalent 

^ aromatic group, the above monovalent aliphatic group, a hydrogen atom, a monovalent hydrocarbon group, haloalkyl 
group, or amino group. The radiation-sensitive resin composition (A) comprises the polysiloxane (A) and the photoacid 

^ generator (B) . 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a radiation sensitive resin composition comprising a polysiloxane having a 
fluorine-substituted cyclic organic group suitable for microprocessing using various types of radiation such as deep 
ultraviolet radiation, electron beams, and X-rays. 

BACKGROUND ART 

[0002] A recent strong demand for high density and highly integrated LSIs (large-scale integrated circuits) radically 
accelerates miniaturization of wiring patterns. 

[0003] A method of using short wavelength radiation in lithography is one of the means for responding to the progress 
in miniaturization. In recent years, deep ultraviolet rays such as an F2 excimer laser (wavelength: 1 57 nm), ArF excimer 
laser (wavelength: 193 nm), or KrF excimer laser (wavelength: 246 nm), electron beams, or X rays are used instead 
of ultraviolet rays such as g-line (wavelength: 436 nm) and i-line (wavelength: 365 nm). Deep ultraviolet rays with a 
wavelength of 193 nm or less are attracting particular attention. 

[0004] As a resist applicable to such short wavelength radiations, a number of resists utilizing a chemical amplification 
effect between a component having an acid-dissociable functional group and a photoacid generator which generates 
an acid upon irradiation (hereinafter called "exposure") has been proposed. Such a resist is hereinafter called a chem- 
ically amplified resist. 

[0005] As a radiation sensitive resin composition applicable to short wavelength radiations, a number of compositions 
utilizing a chemical amplification effect between a component having an acid-dissociable functional group and a pho- 
toacid generator which generates an acid upon irradiation (hereinafter called "exposure") has been proposed. Such a 
composition is hereinafter called a chemically-amplified radiation sensitive composition. 

[0006] As the chemically-amplified radiation sensitive composition, Japanese Patent Publication No. 27660/1990 
discloses a composition comprising a polymer containing a t-butyl ester group of carboxylic acid or a t-butylcarbonate 
group of phenol and a photoacid generator. This composition utilizes the effect of the polymer to release a t-butyl ester 
group or t-butyl carbonate group by the action of an acid generated upon exposure to form an acidic group such as a 
carboxylic group or a phenolic hydroxyl group, which renders an exposed area on a resist film readily soluble in an 
alkaline developer. 

[0007] Novolac resins, poly(vinylphenol) resins, and the like have been conventionally used in resist compositions. 
However, because these resins exhibit strong absorbance at a wavelength of 1 93 nm due to inclusion of aromatic rings 
in the structure, a lithographic process by an ArF excimer laser, for example, using these resins cannot provide high 
accuracy corresponding to high photosensitivity, high resolution, and a high aspect ratio. 

[0008] Therefore, a resin for use in a resist, transparent to a wavelength of 193 nm or less, particularly to an F2 
excimer laser (wavelength: 157 nm), Kr2 excimer laser (wavelength: 147 nm), or ArKr excimer laser (wavelength: 1 34 
nm) and exhibiting excellent dry etching resistance equivalent to or better than aromatic rings has been desired. A 
polysiloxane is one such a polymer. R. R. Kunz et al. of the MIT have reported their research results showing excellent 
transparency of a polysiloxane at a wavelength of 193 nm or less, particularly at 157 nm, commenting on superiority 
of this polymer as a resist in a lithographic process using radiation with a wavelength of 1 93 nm or less (J. Photopolym. 
Sci. Technol., Vol. 12, No.4, 1999). Moreover, polysiloxanes are known to exhibit excellent dry etching properties. In 
particular, a resist containing poiyorganosilsesquioxane having a ladder structure is known to possess high plasma 
resistance. 

[0009] Several resist materials using a siloxane polymer have also been reported. For example, Japanese Patent 
Application Laid-open No. 323611/1993 discloses a chemically amplified radiation sensitive composition comprising a 
polysiloxane having an acid-dissociable group such as a carboxylic acid ester group, phenol ether group, etc., on the 
side chain, bonded to a silicon atom via one or more carbon atoms. However, this polysiloxane cannot provide high 
resolution if the acid-dissociable carboxylic acid groups on the side chain do not efficiently dissociate. If a large number 
of acid-dissociable groups dissociate, on the other hand, the curing shrinkage stress of the resist film increases, causing 
cracks and peels in the resist film. 

[0010] Japanese Patent Application Laid-open No. 160623/1996 discloses a positive tone resist using a polymer in 
which the carboxyl group of poly(2-carboxyethylsiloxane) is protected with an acid-dissociable group such as a t-butyl 
group. Since this resist protects the carboxyl groups only insufficiently, it is difficult to develop the resist containing a 
large amount of carboxylic acid components remaining in the non-exposed area using a common alkaline developing 
solution. 

[001 1] Japanese Patent Application Laid-open No. 60733/1 999 discloses a chemically amplified radiation sensitive 
composition containing a poiyorganosilsesquioxane having an acid-dissociable ester group. This polyorganosilsesqui- 
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oxane is prepared by the addition reaction of an acid-dissociable group-containing (meth) acryl monomer to a conden- 
sation product of vinyl trialkoxysilane, -y-methacry loxyp ropy Itrialkoxysi lane, or the like. The resin has a problem of in- 
sufficient transparency to light with a wavelength of 1 93 nm or less due to unsaturated groups originating from a (meth) 
acrylic monomer remaining on the polymer side chains. The patent specification also describes a resist resin compo- 
sition containing a polymer made by the esterification of polyhydroxycarbonylethylsilsesquioxane with t-butyl alcohol. 
This polymer also has the same problem as a resist as encountered by the polymer disclosed in Japanese Patent 
Application Laid-open No. 160623/1996 due to a low degree of carboxyl group protection. 

[0012] In addition, to respond to miniaturization in recent years, the chemically amplified radiation sensitive compo- 
sition must not only exhibit higher resolution, but also be applicable to substrates with different reflection coefficients. 
In particular, when applied to a substrate with a large reflection coefficient, effects of standing waves and swing curves 
must be minimized. To this end, it is essential to control radiation transmittance. One method of reducing radiation 
transmittance is increasing, the amount of a photoacid generator with a low radiation transmittance. However, this 
method is not necessarily appropriate in view of resist performance. The addition of a third component, such as a dye, 
is considered to be more appropriate. 

[0013] Japanese Patent Application Laid-open Publications No. 319155/1995 and No. 265061/1999 propose the 
addition of an anthracene compound as a dye to control the radiation transmittance of chemically amplified radiation 
sensitive compositions. However, merely adding a compound with a low radiation transmittance may impair perform- 
ance as a resist, such as decreased resolution and incomplete development. In addition, since anthracene compounds 
are generally sublimative, the exposure apparatus may be adversely affected. Moreover, many anthracene compounds 
exhibit insufficient compatibility with resin components and additives contained in chemically amplified radiation sen- 
sitive compositions. 

[0014] Japanese Patent Application Laid-open Publication No. 120628/1998 discloses a carboxylic acid derivative 
having a tricyclic aromatic skeleton, such as an anthracene skeleton, with a carboxyl group bonded via a divalent 
hydrocarbon group or an oxygen atom, the carboxyl group being protected with a group unstable in the presence of 
an acid. The patent application describes that the carboxylic acid derivative exhibits superior light absorption properties 
and is suitable as an additive to chemically amplified radiation sensitive compositions. 

[001 5] Under the above-described technological background and in view of further technological development in the 
photolithographic process requiring increasingly stringent performance accommodating the rapid progress of minia- 
turization, development of a chemically amplified radiation sensitive composition exhibiting high transparency to radi- 
ation with a wavelength of 193 nm or less and possessing excellent basic properties as a resist still remains as an 
important technological subject. 



DISCLOSURE OF THE INVENTION 

[0016] The present invention provides a polysiloxane having the structural unit (I) and/or structural unit (II), shown 
by the following formula (1 ), having an acid-dissociable group dissociable with an acid, and possessing a polystyrene- 
reduced weight average molecular weight determined by gel permeation chromatography (GPC) in the range of 
500-1,000,000. 
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wherein R 1 represents a monovalent aromatic group having 6-20 carbon atoms substituted with at least one group 
selected from the group consisting of a fluorine atom and fluoroalkyl groups having 1 -10 carbon atoms or a monovalent 
al'cyclic group having 3-15 carbon atoms substituted with at least one group selected from the group consisting of a 
fluorine atom and fluoroalkyl groups having 1 -1 0 carbon atoms and R 2 represents a monovalent aromatic group having 
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6-20 carbon atoms substituted with at least one group selected from the group consisting of a fluorine atom and fluor- 
oalkyl groups having 1-10 carbon atoms, a monovalent alicyclic group having 3-15 carbon atoms substituted with at 
least one group selected from the group consisting of a fluorine atom and f luoroalkyl groups having 1-10 carbon atoms, 
a hydrogen atom, a halogen atom, a monovalent hydrocarbon group having 1-20 carbon atoms, a haloalkyl group 
having 1 -20 carbon atoms, or a primary, secondary, or tertiary amino group. 

[0017] The present invention further provides a process for producing a polysiloxane comprising polycondensing a 
silane compound (i) and/or a silane compound (ii) shown by the following formula (1 0) in the presence of an acid 
catalyst and further proceeding the condensation reaction in the presence of a base catalyst, 



wherein R 1 represents a monovalent aromatic group having 6-20 carbon atoms substituted with at least one group 
selected from the group consisting of a fluorine atom and fluoroalkyl groups having 1 -10 carbon atoms or a monovalent 
alicyclic group having 3-15 carbon atoms substituted with at least one group selected from the group consisting of a 
fluorine atom and fluoroalkyl groups having 1-10 carbon atoms, R 2 represents a monovalent aromatic group having 
6-20 carbon atoms substituted with at least one group selected from the group consisting of a fluorine atom and fluor- 
oalkyl groups having 1-10 carbon atoms, a monovalent alicyclic group having 3-15 carbon atoms substituted with at 
least one group selected from the group consisting of a fluorine atom and fluoroalkyl groups having 1 -1 0 carbon atoms, 
a hydrogen atom, a halogen atom, a monovalent hydrocarbon group having 1-20 carbon atoms, a haloalkyl group 
having 1 -20 carbon atoms, or a primary, secondary, or tertiary amino group, and R 6 individually represents a linear, 
branched, or cyclic alkyl group having 1-10 carbon atoms or a linear, branched, or cyclic haloalkyl group having 1-10 
carbon atoms. 

[0018] The present invention still further provides a radiation sensitive resin composition comprising (A) a polysi- 
loxane having the structural unit (I) and/or structural unit (II), shown by the following formula (1), having an acid-dis- 
sociable group dissociable with an acid, and possessing a polystyrene-reduced weight average molecular weight de- 
termined by gel permeation chromatography (GPC) in the range of 500-1 ,000,000 and (B) a photoacid generator. 
[0019] The present invention is described below in detail. 

<Polysiloxanes> 

Polysiloxane (1) 

[0020] The polysiloxane of the present invention is a compound having the above structural unit (I) and/or structural 
unit (II), shown by the above formula (1), and having an acid-dissociable group dissociable with an acid (hereinafter 
referred to as "polysiloxane (1)"). 

[0021] The acid-dissociable group in the polysiloxane (1) may be present in the structural unit (I) and/or structural 
unit (II) or may be present in another structural unit described later. 

[0022] In the structural unit (I) and/or structural unit (II), as examples of the monovalent aromatic group having 6-20 
carbon atoms substituted with at least one group selected from the group consisting of a fluorine atom and fluoroalkyl 
groups having 1-10 carbon atoms represented by R 1 and R 2 , the groups shown by the following formula (2), formula 
(3), or formula (4) can be given: 
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wherein R 3 individually represents a fluorine atom, f luoroalkyl group having 1 -1 0 carbon atoms, hydrogen atom, halogen 
atom other than fluorine atom, alkyl group having 1-10 carbon atoms, or monovalent organic group having an acid- 
dissociable group, a hydroxyl group, or a carboxyl group, R 4 individually represents a fluorine atom, fluoroalkyl group 
having 1-10 carbon atoms, hydrogen atom, halogen atom other than fluorine atom, or alkyl group having 1-10 carbon 
atoms, provided thai at least one of five R 3 groups and 2k R 4 groups represents a fluorine atom or fluoroalkyl group 
having 1-10 carbon atoms, and k is an integer of Oto 10, 
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wherein R 3 individually represents a fluorine atom, fluoroalkyl group having 1 -1 0 carbon atoms, hydrogen atom, halogen 
atom other than fluorine atom, alkyl group having 1-10 carbon atoms, or monovalent organic group having an acid- 
dissociabie group, a hydroxyl group, or a carboxyl group, R 4 individually represents a fluorine atom, fluoroalkyl group 
having 1-10 carbon atoms, hydrogen atom, halogen atom other than fluorine atom, or alkyl group having 1-10 carbon 
40 atoms, provided that at least one of seven R 3 groups and 2k R 4 groups represents a fluorine atom or fluoroalkyl group 
having 1-10 carbon atoms, and k is an integer of Oto 10, 
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wherein R 3 individually represents a fluorine atom, fluoroalkyl group having 1 -1 0 carbon atoms, hydrogen atom, halogen 
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atom other than fluorine atom, alkyl group having 1-10 carbon atoms, or monovalent organic group having an acid- 
dissociable group, a hydroxyl group, or a carboxyl group, R 4 individually represents a fluorine atom, fiuoroalky! group 
having 1-10 carbon atoms, hydrogen atom, halogen atom other than fluorine atom, or alkyl group having 1-10 carbon 
atoms, provided that at least one of seven R 3 groups and 2k R 4 groups represents a fluorine atom or fluoroalkyl group 
having 1 -1 0 carbon atoms, and k is an integer of 0 to 1 0. 

[0023] In the structural unit (I) and/or structural unit (II), as examples of the monovalent alicyctic group having 3-15 
carbon atoms substituted with at least one group selected from the group consisting of a fluorine atom and fluoroalkyl 
groups having 1-10 carbon atoms represented by R 1 and R 2 , the groups shown by the following formula (5), formula 
(6), or formula (7) can be given: 
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wherein R 3 individually represents a fluorine atom, fluoroalkyl group having 1 -1 0 carbon atoms, hydrogen atom, halogen 
atom other than fluorine atom, alkyl group having 1-10 carbon atoms, or monovalent organic group having an acid- 
dissociable group, a hydroxyl group, or a carboxyl group, R 4 individually represents a fluorine atom, fluoroalkyl group 
having 1-10 carbon atoms, hydrogen atom, halogen atom other than fluorine atom, or alkyl group having 1-10 carbon 
atoms, provided that at least one of (3+2m) R 3 groups and 2k R 4 groups represents a fluorine atom or fluoroalkyl group 
having 1 -1 0 carbon atoms, k is an integer of 0 to 1 0, and m is an integer of 1 to 1 8, 
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wherein one of (12+6n) R 3 groups represents a group -[CfR 4 ^- (wherein R 4 individually represents a fluorine atom, 
fluoroalkyl group having 1 -10 carbon atoms, hydrogen atom, halogen atom other than fluorine atom, alkyl group having 
1-10 carbon atoms and k is an integer of 0-10) and the remaining R 3 groups individually represent a fluorine atom, 
fluoroalkyl group having 1-10 carbon atoms, hydrogen atom, halogen atom other than fluorine atom, alkyl group having 
1-10 carbon atoms, or monovalent organic group having an acid-dissociable group, a hydroxyl group, or a carboxyl 
group, provided that at least one of the remaining (1 1 +6n) R 3 groups and 2k R 4 groups represents a fluorine atom or 
fluoroalkyl group having 1-10 carbon atoms, and n is an integer of 0-3, 
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wherein one of 16 R 3 groups represents a group -[C(R*) 2 ] k - (wherein R 4 individually represents a fluorine atom, fluor- 
oalkyt group having 1-10 carbon atoms, hydrogen atom, halogen atom other than fluorine atom, alkyl group having 
1-10 carbon atoms and k is an integer of 0-10) and the remaining R 3 groups individually represent a fluorine atom, 
fluoroalkyl group having 1-10 carbon atoms, hydrogen atom, halogen atom other than fluorine atom, alkyl group having 
1-10 carbon atoms, or monovalent organic group having an acid-dissociable group, a hydroxyl group, or a carboxyl 
group, provided that at least one of the remaining 15 R 3 groups and 2k R 4 groups represents a fluorine atom or fluor- 
oalkyl group having 1-10 carbon atoms. 

[0024] As examples of the fluoroalkyl group having 1-10 carbon atoms represented by R 3 or R 4 in the formulas (2) 
-(7), linear, branched, or cyclic groups such as a f luoromethyl group, difluoromethyl group, trifluoromethyl group, pen- 
tafluoroethyl group, heptafluoro-n-propyl group, heptafluoro-i-propyl group, nonafluoro-n-butyl group, perfluoro-n- 
pentyl group, perfluoro-n-hexyl group, perfluoro-n-heptyl group, perfluoro-n-octyl group, perfluoro-n-nonyl group, per- 
fluoro-n-decyl group, perfluorocyclopentyl group, and perfluorocyclohexyl group can be given. 
[0025] As examples of the halogen atom other than fluorine atom represented by R 3 or R 4 , a chlorine atom, bromine 
atom, and iodine atom can be given. 

[0026] As examples of the alkyl groups having 1-10 carbon atoms represented by R 3 or R 4 a linear branched, or 
cyclic group such as a methyl group, ethyl group, n-propyl group, i-propyl. group, n-butyl group, i-butyl group, sec-butyl 
group, t-butyl group, n-pentyl group, n-hexyl group, n-heptyl group, n-octyl group, n-octyl group : n-nonyl group, n-decyl 
group, cyclopentyl group, and cyclohexyl group can be given. 

[0027] In the monovalent organic group having an acid-dissociable group dissociable with an acid, a hydroxyl group, 
or a carboxyl group represented by R 3 , as examples of the acid-dissociable group, one or more acid-dissociable groups 
that are dissociable with an acid and produce preferably a carboxyl group, phenolic hydroxyl group, or alcoholic hydroxyl 
group can be given; as examples of the hydroxyl group, a phenolic hydroxyl group or alcoholic hydroxyl group can be 
given; and as examples of the monovalent organic group skeleton, a group stable under the reaction conditions for 
producing the polysiloxane ( 1 ) such as a linear or branched hydrocarbon group having 1-10 carbon atoms or a mono- 
valent cyclic hydrocarbon group having 4-30 carbon atoms can be given. 
[0028] The groups of the following formula (8) are preferable as the monovalent organic group. 
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wherein P represents a single bond, a methylene group, difluoromethylene group, linear or branched alkylene group 
having 2-1 0 carbon atoms, or a linear or branched fluoroalkyJene group having 2-10 carbon atoms, Q is -O- or -COO-, 
and R 5 represents a hydrogen atom or a monovalent organic group dissociating with an acid to produce a hydrogen 
atom. 

[0029] As examples of the linear or branched alkylene group having 1-10 carbon atoms represented by P in the 
formula (8), an ethylene group, propylene group, trimethylene group, and tetramethylene group can be given. As ex- 
amples of the linear or branched fluoroalkylene group having 2-10 carbon atoms, a tetrafluoroethylene group, hex- 
afluorotrimethylene group, octafluorotetramethylene group, 1 ,1 -bis(trifluoromethyl)ethylene group, and 2,2-bis(trifluor- 
omethyl)ethylene group can be given. 

[0030] As P in the formula (8), a single bond, methylene group, difluoromethylene, 1 ,1-bis(trifluoromethyl)ethylene 
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group, and 2,2-bis(trifluoromethyl)e1hylene group are preferable. 

[0031] As examples of the monovalent organic group dissociable with an acid to produce hydrogen atoms repre- 
sented by R 5 , linear, branched, or cyclic alkyl groups such as a methyl group, ethyl group, n-propyl group, i-propyl 
group, n-butyl group, i-butyl group, sec-butyl group, t-butyl group, n-pentyl group, n-hexyl group, n-heptyl group, n- 
octyl group, n-decyl group, cyclopentyl group, cyclohexyl group, 4-t-butylcyclohexyl group, cycloheptyl group, and cy- 
clooctyl group; aryloxycarbonyl groups such as a phenoxycarbonyl group, 4-t-butylphenyl group, and 1 -naphthyl group; 
aralkyl groups such as a benzyl group, 4-t-butylbenzyl group, phenethyl group, and 4-t-butylphenethyl group; carbonyl 
groups such as a t-butoxycarbonyl group, methoxycarbonyl group, ethoxycarbonyl group, i-propoxycarbonyl group, 
9-fluorenylmethylcarbonyl group, 2,2,2-trichloroethylcarbonyl group, 2-(trimethylsilyl)ethylcarbonyl group, i-butylcarb- 
onyl group, vinylcarbonyl group, allylcarbonyl group, benzylcarbonyl group, 4-ethoxy-1 -naphthylcarbonyl group, and 
methyldithiocarbonyl group; organic groups bonding to the oxygen atom in the formula (8) to form an acetal structure 
such as a methoxymethyl group, methylthiomethyl group, ethoxymethyl group, ethylthiomethyl group, t-butoxymethyl 
group, t-butylthiomethyl group, (phenyldimethylsilyl)methoxymethyl group, benzyloxymethyl group, t-butoxymethyl 
group, siloxymethyl group, 2-methoxyethoxymethyl group, 2,2,2-trichloroethoxymethyl group, bis(2-chloroethoxy)me- 
thyl group, 2-{trimethylsilyl)ethoxymethyl group, 1 -methoxycyclohexyl group, tetrahydropyranyl group, 4-methoxytet- 
rahydropyranyl group, tetrahydrof uranyl group, tetrahydrothiopyranyl group, tetrahydrothiof uranyl group, 1 -ethoxyethyl > 
group, 1-(2-chloroethoxy)ethyl group, 1 -methyl- 1 -methoxyethyl group, 1 -methyl- 1 -be nzyloxyethyl group, 1-(2-chlo- 
roethoxy)ethyl group, 1 -methyl- 1 -benzyloxy-2-fluoroethyl group, 2,2,2-trichloroethyl group, 2-trimethylsilylethyl group, 
and 2-(phenylcerenyl??)ethyl group; and alkylsilyl groups such as a trimethylsilyl group, triethylsilyl group, tri-i-propyls- 
ilyl group, dimethyl-i-propylsilyl group, diethyl-i-propylsilyl group, dimethylethylsilyl group, t-butyfdimethylsilyl group, t- 
butyldiphenylsilyl group, tribenzylsilyl group, tri-p-xylylsilyl group, triphenylsilyl group, diphenylmethylsilyl group, and 
t-butylmethoxyphenylsilyl group can be given. 

[0032] Of these monovalent organic groups dissociable by the action of an acid to produce hydrogen atoms, the t- 
butyl group, t-butoxycarbonyl group, tetrahydropyranyl group, tetrahydrofuranyl group, methoxymethyl group, 
ethoxymethyl group, 1 -methoxyethyl group, 1 -ethoxyethyl group, and t-butyldimethylsilyl group, are preferable. 
[0033] When the polysiloxane (1) has the structural unit (I) and the structural unit (II), R 1 in the structural unit (I) and 
R 1 in the structural unit (II) may be either the same or different. 

[0034] As examples of the halogen atom represented by R 2 in the structural unit (I), a fluorine atom, chlorine atom, 
bromine atom, iodine atom, and the like can be given. 

[0035] As examples of the monovalent hydrocarbon groups having 1 -20 carbon atoms represented by R 2 , a linear, 
branched, or cyclic alkyl groups such as a methyl group, ethyl group, n-propyl group, i-propyl group, n-butyl group, i- 
butyl group, sec-butyl group, t-butyl group, n-pentyl group, neopentyl group, n-hexyl group, n-heptyl group, n-octyl 
group, 2-ethylhexyl group, n-nonyl group, n-decyl group, n-dodecyl group, n-tetradecyl group, n-hexadecyl group, n- 
octadecyl group, cyclobutyl group, cyclopentyl group, and cyclohexyl group; aromatic hydrocarbon groups such as a 
phenyl group, o-toryl group, m-tolyl group, p-tolyl group, benzyl group, phenethyl group, 1 -naphthyl group, and 2-naph- 
thyl group; and bridged hydrocarbon groups such as a norbornyl group, tricyclodecanyl group, tetracyclodecanyl group, 
and adamantyl group can be given. 

[0036] Of these monovalent hydrocarbon groups, a methyl group, ethyl group, cyclopentyl group, cyclohexyl group, 
norbornyl group, tetracyclodecanyl group, and the like are preferable. 

[0037] As examples of the monovalent haloalkyl group having 1 -20 carbon atoms represented by R 2 a monovalent 
hydrocarbon group having 1-20 carbon atoms in which one or more hydrogen atoms are replaced by one or more 
halogen atoms, preferably one or more fluorine atoms, can be given. Specific examples include a trif luoromethyl group, 
pentafluoroethyl group, and 3,3,3,2,2-pentafluoro-n-propyl group. As examples of the secondary or tertiary amino 
groups represented by R 2 , a methylamino group, ethylamino group, n-propylamino group, i-propylamino group, n- 
butylamino group, cyclopentylamino group, cyclohexylamino group, phenylamino group, benzylamino group, dimeth- 
ylamino group, dlethylamino group, di-n-propylamino group, dl-i-propytamino group, di-n-butylamino group, dicy- 
clopentylamino group, dicyclohexylamino group, diphenylamino group, and dibenzylamino group can be given. 
[0038] As the amino groups represented by R 2 , an amino group, dimethylamino group, diethylamino group, dicy- 
clopentylamino group, dicyclohexylamino group, and diphenylamino group are preferable. 

[0039] Particularly preferable groups represented by R 2 in the structural unit (I) are a methyl group, ethyl group, 
cyclohexyl group, pentafluorophenyl group, chlorine atom, dimethylamino group, and the like. 
[0040] As the polysiloxane (1) in the present invention, a polysiloxane having a group of the formula (6) for R1 in the 
structural unit (I) and/or the structural unit (II), wherein the group of the formula (6) contains a group of the formula (8), 
is preferable. 

[0041] Given as preferable specific examples of the group shown by the formula (6) are groups of the following 
formulas (9-1) to (9-121) can be given: 
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Pi 

— C-OH 
i 





CF 3 



5) 



CH 2 — C-OH 
CF 3 

(9-6) 



CH 2 — C^OH 
CF 3 

(9-7) 
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(9-8) (9-9) (9-10) 



Rf 2 




Rf, 



Rfi 

CH 2 — C-OH 
CF 3 



Rf 2 




Rf 2 



Rfi 

CH 2 — C-OH 
CF 3 




Rfi 

CH 2 — C-OH 
CF 3 



(9-11) 



(9-12) 



(9-13) 




(9-14) .. (9-15) . (9-16) 
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Rfi 




CH 2 — C-OH 
CF 3 

(9-17) 



CH 2 — C-OH 
CF 3 

(9-18) 




(9-19) 




C-OH Rf 2 " 




Rfi 

C-OH Rf2 





Rfi 

CH 2 — C-OH 
CF 3 




CH 2 — C-OH 
CF, 



(9-23) 



(9-24) 
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(9-25) (9-26) 




(9-27) (9-28) (9-29) 




(9-30) (9-31) (9-32) 
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(9-36) 



(9-37) 



(9-38) 




(9-39) (9-40) (9-41) 
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10 



15 




Rfi 



C-OH Rf 2 - 
CF 3 R*2 F 




C-OH Rf 2 - 



CF, 



(9-42) 



(9-43) 




C-OH 



20 





CF 3 

COOC(CH 3 ) 3 COOC(CH 3 ) 3 

(9-45) (9-46) 

30 






35 

— f — f"F ™2~i — f~CF 3 

Rf2 COOC(CH 3 ) 3 Rf2 COOC(CH 3 ) 3 Rf 2 COOC(CH 3 ) 3 

40 

(9-47) (9-48) (9-49) 



45 



50 



55 




Rf 2 -Hr *-Rf : 





COOC(CH 3 ) 3 COOC(CH 3 ) 3 COOC(CH 3 ) 3 

(9-50) (9-51) (9-52) 
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10 



Rf2 COOC(CH 3 ) 3 Rf 2 COOC(CH 3 ) 3 Rf 2 COOC(CH 3 ) 3 



(9-53) 



(9-54) 



(9-55) 



15 



20 
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40 





COOC(CH 3 ) 3 

(9-56) 




COOC(CH 3 ) 3 

(9-57) 





Rf 2 COOC(CH 3 ) 3 Rfz COOC(CH 3 ) 3 Rf 2 COOC(CH 3 ) 3 

(9-58) (9-59) (9-60) 
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55 



16 



BNSDOCID: <EP 1398339A1_L> 



10 



15 



EP 1 498 339 A1 




COOC(CH 3 ) 3 

(9-62) 




COOC(CH 3 ) 3 

(9-63) 



20 



25 



30 






Rf 2 "T~J r, 2^ "/~t~ F Kt 2"V"f~CF 3 

Rf 2 COOC(CH 3 ) 3 Rf 2 COOC(CH 3 ) 3 R *2 COOC(CH 3 ) 3 

(9-64) (9-65) (9-66) 



35 



40 




(9-67) 



[C(Rf 3 ) 2 ] npOOR* 



50 



55 




CF 3 

CC(Rf 3 ) 2 ] „P00R' 



(9-68) 
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25 



30 
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40 



50 



55 




Rf2"7 — ( (9-69) 
Rf2 [C(Rf 3 ) 2 J „P00R' 




Rf 2 / f F (9-70) 
™2 [C(Rf 3 ) 2 ] £OOR' 




Rf 2 -f — f-CF 3 (9-71) 
Rf2 [C(Rf 3 ) 2 ] m COOR' 




(9-72) 

[C(Rf 3 ) 2 ] m COOR' 




(9-73) 
tC(Rf3)2] oPOOR' 
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Rf 2 " 

v ' ~ (9-74) 
[C(Rf 3 ) 2 ] npOOR 




Rf 2 '^/-f (9-75) 
Rf 2 [C(Rf 3 ) 2 ] npOOR' 




[C(Rf 3 ) 2 ] £ OOR' 




Rf2"^/-f-CF 3 (9-77) 
Rf 2 [C(Rf 3 )2l .pOOR' 



19 



EP 1 398 339 A1 



10 



15 





[C(Rf 3 ) 2 ] „pOOR 

(9-78) 



CF 3 

tC(Rf3)2]apOOR' 

(9-79) 



20 
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30 




(9-80) 



Rf 2 [C(Rf 3 ) 2 ] „pOOR' 
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40 




R1 2 -f — f-CF 3 
Rf2 [C(Rf 3 ) 2 ] nPOOR' 



(9-82) 




[C(Rf 3 )2] ra COOR' 

(9-83) 





[C(Rf 3 ) 2 ] „pOOR 

(9-84) 



[C(Rf 3 ) 2 ] npOOR 

(9-85) 



50 



55 
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Rf 2 [C(Rf 3 ) 2 ] npOOR' 

(9-86) 



20 



25 



30 




Rf2^-/-f-F R*2^-/-f-CF 3 

Rf 2 [C(Rf 3 ) 2 ] fOOR' Rf 2 [C(Rf 3 ) 2 ] JpOOR' 




(9-87) 



(9-88) 



35 



40 




OR' 

(9-89) (9-90) 



50 



55 





Rf 2 ) f F Rf 2 ^ [ CF 3 
Rf 2 OR" Rf 2 OR" 




(9-92) 



(9-93) 
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(9-94) (9-95) (9-96) 




(9-97) (9-98) (9-99) 




(9-102) (9-103) (9-104) 
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(9-105) 
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(9-108) 
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Rf 2 

(9-111) 
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OR" OR' 

(9-106) (9-107) 




Rf 2 Rf 2 



(9-112) (9-113) 
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- / \ r- CT / \ C /"I 



F F F f F 



F 
F 



(9-119) 



(9-120) 



F^^OCF 2 CF2CF 2 COOR ' 
(9-121) 



45 wherein represents a hydrogen atom, methyl group, or trifluoromethyl group, Rf 2 represents a hydrogen atom, 
fluorine atom, or trifluoromethyl group : Rf 3 represents a hydrogen atom or fluorine atom, m is an integer of 1-5, R* 
represents a hydrogen atom, methyl group, ethyl group, or t-butyl group, and R" represents a hydrogen atom, hydroxyl 
group, or acetyl group. 

[0042] As examples of the condensing component that can produce the structural unit (I), a silane compound (i) of 
the above formula (10) can be given. As examples of the condensing component that can produce the structural unit 
(II), a silane compound (ii) of the above formula (10) can be given. All or part of these silane compounds (i) and (ii) 
may be used individually as a partial condensate. 

[0043] As examples of the linear, branched, or cyclic alkyl group having 1-10 carbon atoms represented by R6 in the 
formula (10), a methyl group, ethyl group, n-propyl group, i-propyl group, n-butyl group, i-butyl group, sec-butyl group, 
t-butyl group, n-pentyl group, n-hexyl group, n-heptyl group, n-octyl group, n-nonyl group, n-decyl group, cyclopentyl 
group, and cyclohexyl group can be given. As examples of the linear, branched, or cyclic haloalkyl group having 1 -10 
carbon atoms, a fluoromethyl group, chloromethyl group, bromomethyl group, difluoromethyl group, dichloromethyl 
group, and trifluoromethyl group can be given. 
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[0044] As R 6 in the formula (1 0), a methyl group, ethyl group, n-propyl group, i-propyl group, n-butyl group, and the 
like are preferable. 

[0045] The silane compounds (i) and (ii) can be synthesized, for example, by the following methods. 

5 (1) A method of reacting a halogenated compound formed from any one of the groups of the formula (2) - (7) and 

a chlorine atom, bromine atom, or iodine atom bonded thereto with a corresponding silane compound by a Grignard 
reaction (Journal of Polymer Science: Polymer Chemistry Edition, Vol. 11, 509-521 (1973); Journal of Chemical 
Society of Japan, 1972, 1876-1881). 

(2) When R 1 or R 2 in the silane compound (i) and silane compound (ii) is the group of the above-described formulas 
10 (2)-(4) (provided that k is 2 or more and at least one of the 2k R 4 groups is a hydrogen atom) or the group of the 

above-described formulas (5)-(7) (provided that k is 2 or more and at least one of the 2k R 4 groups is a hydrogen 
atom) , a method of reacting an olefin compound corresponding to each of these groups with a corresponding 
hydrosilane compound by a conventional hydrosilylation reaction. 

is [0046] The silane compounds (i) and (ii) may be used either individually or in combination of two or more. 

[0047] The polysiloxane (1 ) may contain one or more structural units other than the structural unit (I) or the structural 
unit (II) (such other structural units are hereinafter referred to as "other structural units"). As examples of condensing 
components providing the other structural units, a silane compound (iii) and a silane compound (iv) shown in the 
following formula (11) and a silane compound (v) and a silane compound (vi) shown in the following formula (12) can 

20 be given. 



25 



30 



R 7 0— Si-OR 7 R 7 0-Si-OR 7 (n) 

is I 7 

R OR 7 

(iii) (iv)) 



35 



40 



50 



wherein A represents a monovalent organic group having an oxygen atom, R 7 individually represents a linear, branched, 
or cyclic alkyl group having 1-10 carbon atoms or a linear, branched, or cyclic haloalkyl group having 1-10 carbon 
atoms, and R 8 represents a hydrogen atom, a linear, branched, or cyclic alkyl group having 1-20 carbon atoms, or a 
linear, branched, or cyclic haloalkyl group having 1-20 carbon atoms, or a monovalent aromatic hydrocarbon group 
having 6-20 carbon atoms. 

f f 

R 7 0— SHOR 7 R 7 0-Si-OR 7 (12) 
R 9 OR 7 

(v) (vi) 



wherein R 7 is the same as the R 7 in the above formula (11) and R9 represents a hydrogen atom, a hydroxyl group, a 
halogen atom, a substituted or unsubstituted linear, branched, orcyclic alkyl group having 1 -20 carbon atoms (excluding 
a group having a fluorine atom), a substituted or unsubstituted linear, branched, or cydic alkoxyl group having 1-20 
55 carbon atoms, a substituted or unsubstituted acetoxy group, or a substituted or unsubstituted aromatic hydrocarbon 
group having 6-20 carbon atoms (excluding a group having a fluorine atom), provided that R 9 does not include the 
group A in the formula (11). 

[0048] All or part of these silane compounds (iii) to (vi) may be used individually as a partial condensate. 
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[0049] The silane compounds (Hi) to (vi) will be described below. 

[0050] As examples of the monovalent organic group having an oxygen atom represented by A in the silane com- 
pound (iii) or (iv), a monovalent organic group having a carboxyl group ! phenolic hydroxyl group, or alcoholic hydroxyl 
group, a linear or branched alky! group having an acid-dissociable group dissociable with an acid to produce 
preferably a carboxyl group, phenolic hydroxyl group, or alcoholic hydroxyl group, and a monovalent cyclic hy- 
drocarbon group having the acid-dissociable group can be given. As the monovalent organic group having an oxygen 
atom represented by A, a group shown by the following formula (13), a group shown by the following formula (14), a 
monovalent organic group having an acid-dissociable group, and the like are preferable. 

— X— OH (13) 



—X— COOH (14) 

15 

wherein X indicates a methylene group, difluoromethylene group, linear, branched, or cyclic alkylene group having 
2-20 carbon atoms, linear or branched fluoroalkylene group having 2-20 carbon atoms, divalent aromatic group having 
6-20 carbon atoms (excluding a group having a fluorine atom), or divalent alicyclic group having 3-20 carbon atoms 
(excluding a group having a fluorine atom). 

20 [0051] As examples of the linear, branched, or cyclic alkylene groups having 2-20 carbon atoms represented by X 
in the formula (1 3) or formula (14), an ethylene group, trimethylene group, propylene group, and tetramethylene group 
can be given; as examples of the linear or branched fluoroalkylene group having 2-20 carbon atoms, a tetrafluo meth- 
ylene group, hexafluorotrimethylene group, and octafiuorotetramethylene group can be given; as examples of the 
divalent aromatic group having 6-20 carbon atoms, a phenylene group and naphthylene group can be given; and as 

25 examples of the divalent alicyclic group having 3-20 carbon atoms, a divalent hydrocarbon group having a norbornane 
skeleton, tricyclodecane skeleton, or adamantane skeleton can be given. 

[0052] As the group X in the formula (13) or formula (14), a methylene group, trifluoromethylene group, divalent 
hydrocarbon group having an adamantane skeleton, divalent hydrocarbon group having a norbornane skeleton, and 
the like are preferable. 

30 [0053] As examples of the monovalent organic group having an acid-dissociable group represented by A in the silane 
compound (iii) or (iv), groups stable under the reaction conditions for producing the polysiloxane (1) such as a linear 
or branched alkyl group having an acid-dissociable group dissociable with an acid to produce preferably a carboxyl 
group, phenolic hydroxyl group, or alcoholic hydroxyl group and a monovalent alicyclic hydrocarbon group having 
the acid-dissociable group can be given. 

35 [0054] As the acid-dissociable group in the group A, a group shown by the following formula (1 5), a group shown by 
the following formula (16), and the like are preferable. 



40 



— Y— O— R 10 (15) 



-Y— COO— R 10 (16) 



wherein Y indicates a single bond, methylene group, difluoromethylene group, linear, branched, or cyclic alkylene group 
having 2-20 carbon atoms, linear or branched fluoroalkylene group having 2-20 carbon atoms, divalent aromatic group 
having 6-20 carbon atoms (excluding a group having a fluorine atom), or divalent alicyclic group having 3-20 carbon 
atoms (excluding a group having a fluorine atom) and R 10 is a monovalent organic group dissociable with an acid to 
produce a hydrogen atom. 

[0055] As examples of the linear or branched alkylene group having 2-20 carbon atoms, linear or branched fluoro- 
alkylene group having 2-20 carbon atoms, divalent aromatic groups having 6-20 carbon atoms, and other divalent 
alicyclic groups having 3-20 carbon atoms represented by Y in the formulas (15) and (16), the same groups corre- 
sponding to the groups previously given as examples of the group X in the formulas (13) and (14) can be given. 
[0056] As the group Y in the formula (15) or formula (16), an ethylene group, cyclohexylene group, phenylene group, 
divalent hydrocarbon group having a norbornane skeleton, and the like are preferable. 

[0057] As examples of the monovalent organic group dissociable with an acid to produce a hydrogen atom repre- 
sented by R 10 , the same monovalent organic groups dissociable with an acid to produce a hydrogen atom previously 
given for the group R 5 in the formula (8) can be given. 
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[0058] Of these monovalent organic groups dissociating by the action of an acid to produce hydrogen atoms, the t- 
butyl group, tetrahydropyranyl group, tetrahydrofuranyl group, methoxymethyl group, ethoxymethyl group, 1-methox- 
yethyi group, 1-ethoxyethyl group, t-butyldimethylsily! group, and the like are preferable. 

[0059] As the group A in the formula (10), 2-t-butoxycarbonylethyl group, 4-t-butoxycarbonylcyclohexyl group, 4-t- 
butoxycarbonylphenyl group, 4-t-butoxycarbonyl-2,3 1 5 l 6-tetrafluorophenyl group, 5-t-butoxycarbonylnorbornyl group, 
5-t-butoxycarbonyladamantyl group, and the like are particularly preferable. 

[0060] As examples of the linear, branched, or cyclic alkyl group having 1 -1 0 carbon atoms and the linear, branched, 
or cyclic haloalkyl group having 1-10 carbon atoms represented by R 7 in the formulas (11 ) and ( 1 2), the groups illustrated 
for R 6 in the formula (1 0) can be given. 

[0061] As R 7 in the formulas (11 ) and (12), a methyl group, ethyl group, n-propyl group, i-propyl group, n-butyl group, 
and the like are preferable. As examples of the linear, branched, or cyclic alkyl group having 1 -20 carbon atoms rep- 
resented by R8, a methyl group, ethyl group, n-propyl group, i-propyl group, n-butyl group, i-butyl group, sec-butyl 
group, t-butyl group, n-pentyl group, n-hexyl group, n-heptyl group, n-octyl group, n-nonyl group, n-decyl group, cy- 
clopentyl group, and cyclohexyl group can be given. As examples of the linear, branched, or cyclic haloalkyl group 
having 1-20 carbon atoms, a trifluoromethyl group, pentafluoroethyl group, heptafluoro-n-propyl group, and hep- 
tafluoro-i-propyl group can be given. As examples of the monovalent aromatic hydrocarbon group having 6-20 carbon 
atoms, a phenyl group, a-naphthyl group, p-naphthyl group, benzyl group, and phenethyl group can be given. 
[0062] As R 8 in the formula (11), a methyl group, ethyl group, trifluoromethyl group, pentafluoroethyl group, and the 
like are preferable. 

[0063] As examples of the halogen atom represented by R 9 in the formula (12), a fluorine atom, chlorine atom, 
bromine atom, and iodine atom can be given. 

[0064] As examples of the substituted or unsubstituted linear, branched, or cyclic alkyl group having 1 -20 carbon 
atoms represented by R 9 t alkyl groups such as a methyl group, ethyl group, n-propyl group, i-propyl group, n-butyl 
group, 2-methylpropyl group, 1 -methylpropyl group, t-butyl group, n-pentyl group, n-hexyl group, n-heptyl group, n- 
octyl group, n-nonyl group, n-decyl group, cyclopentyl group, and cyclohexyl group; hydroxyalkyl groups such as a 
trifluoromethyl group, pentafluoroethyl group, hydroxymethyl group, 2-hydroxyethyl group, 3-hydroxypropyl group, 
4-hydroxybutyl group, and 4-hydroxycyclohexyl group; alkoxyalkyl groups such as a methoxymethyl group, 2-methox- 
yethyl group, 3-methoxypropyl group, 4-methoxybutyl group, and 4-methoxycyclohexyl group; acyloxyalkyl groups such 
as an acetoxymethyl group, 2-acetoxyethyJ group : 3-acetoxypropyl group, 4-acetoxybutyl group, and 4-acetoxycy- 
clohexyl group; mercaptoalkyl groups such as a mercaptomethyl group, 2-mercaptoethyl group, 3-mercaptopropyl 
group. 4-mercaptobutyl group, and 4-mercaptocyclohexyl group; cyanoalkyl groups such as a cyanomethyl group, 
2-cyanoethyl group, 3-cyanopropyl group, and 4-cyanohexyl group; and epoxy group-containing alkyl groups such as 
a 3-glycidoxypropyl group, 2-(3,4-epoxy)cyclohexyl group, and 2-(3,4-epoxy)cyclohexylethyl group; and a 3-mor- 
pholinopropyl group can be given. 

[0065] As examples of the substituted or unsubstituted alkoxyl group having 1 -20 carbon atoms represented by R 9 , 
a methoxy group, ethoxy group, n-propoxy group, i-propoxy group, n-butoxy group, 2-methylpropoxy group, 1-meth- 
ylpropoxy group, t-butoxy group, cyclohexyloxy group, fluoromethoxy group, chloromethoxy group, 2-chloroethoxy 
group, 2-bromoethoxy group, 3-chloropropoxy group, 3-bromopropoxy group, 3-glycidoxypropoxy group, 4-fluorocy- 
clohexyloxy group, and 3, 4-epoxycyclohexyloxy group can be given. 

[0066] As examples of the substituted or unsubstituted acetoxy group represented by R 9 , an acetoxy group, trifluor- 
oacetoxy group, chloroacetoxy group, and bromoacetoxy group can be given. 

[0067] As examples of the substituted or unsubstituted aromatic hydrocarbon group having 6-20 carbon atoms rep- 
resented by R 9 , a phenyl group, 1 -naphthyl group, benzyl group, phenethyl group, 4-chlorophenyl group, 4-bromophe- 
nyl group, 2-hydroxyphenyl group, 3-hydroxyphenyl group, 4-hydroxyphenyl group, 2-methoxyphenyl group, 3-meth- 
oxyphenyl group, 4-methoxyphenyl group, 2-acetoxy phenyl group, 3-acetoxyphenyl group, 4-acetoxyphenyl group, 
2-trimethylsiloxyphenyl group, 3-trimethylsiloxyphenyl group, 4-trimethylsiloxyphenyl group, 4-chlorobenzyl group,' 
4-bromobenzyl group, 2-hydroxybenzyl group, 3-hydroxybenzyl group, 4-hydroxybenzyi group, 2-methoxybenzyl 
group, 3-methoxybenzyl group, 4-methoxybenzyl group, 2-acetoxybenzyl group, 3-acetoxybenzyl group, 4-acetoxy- 
benzyl group, 2-trimethylsiloxybenzyl group, 3-trimethylsiloxybenzyl group, 4-trimethylsiloxybenzyl group, perfluoroph- 
enethyl group, and 3-(perfluorophenyl)hexafluoro-n-propyl group can be given. 

[0068] As R 9 in the formula (12), a methyl group, ethyl group, trifluoromethyl group, pentafluoroethyl group, and the 
like are preferable. 

[0069] These silane compounds (iii)-(vi) may be used either individually or in combination of two or more. In addition, 
two or more of them from different types may be used in combination. Appropriate selection and suitable combination 
of these silane compounds can ensure control of the molecular weight and glass transition temperature (Tg) of the 
resulting polysiloxane (1) , whereby transparency at the wavelength of 193 nm or less, particularly preferable at the 
wavelength of 1 57 nm, can be further improved. 

[0070] Furthermore, hexamethyldisiloxane may be added to the reaction mixture of the polycondensation reaction 
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for producing the polysiloxane (1 ) to control the molecular weight of the resulting polysiloxane and to increase stability. 
[0071] The amount of hexamethyldisiloxane to be added is usually 500 parts by weight or less, and preferably 50 
parts by weight or less, for 100 parts by weight of all of the silane compounds. If the amount of hexamethyldisiloxane 
exceeds 500 parts by weight, the resulting polymer tends to have a small molecular weight and a low glass transition 
temperature (Tg). 

Process for producing polysiloxane (1) 

[0072] The polysiloxane (1 ) can be produced by a polycondensation reaction of the silane compound (i) and/or silane 
compound (ii), optionally together with the silane compounds (iii)-(vi), in a conventional manner in the presence of a 
catalyst and in the presence or absence of a solvent. 

[0073] In the polycondensation reaction, an acid catalyst is preferably used. A particularly preferable method com- 
prises a polycondensation reaction in the presence of an acid catalyst (hereinafter referred to as "acidic polyconden- 
sation reaction"), followed by a polycondensation reaction in the presence of a base catalyst (hereinafter referred to 
as "basic polycondensation reaction"). The polysiloxane (1) produced in this manner has a narrow molecular weight 
distribution and can produce a resist exhibiting excellent resolution and pattern profile. 
[0074] The process for producing the polysiloxane (1 ) will now be described. 

[0075] As the above acid catalyst, an inorganic acid such as hydrochloric acid, sulfuric acid, nitric acid, boric acid, 
phosphoric acid, tilanium tetrachloride, zinc chloride, and aluminum chloride can be used. 

[0076] An organic acid such as formic acid, acetic acid, n-propionic acid, butyric acid : valeric acid, oxalic acid, malonic 
acid, succinic acid, maleic acid, fumaric acid, adipic acid, phthalic acid, terephthalic acid, acetic anhydride, maleic 
anhydride, citric acid, benzenesulfonic acid, p-toluenesulfonic acid : and methanesulfonic acid can also be used as the 
acid catalyst. 

[0077] Those acid catalysts may be used either individually or in combination of two or more. 
[0078] As the base catalyst, an inorganic base such as lithium hydroxide, sodium hydroxide, potassium hydroxide, 
calcium hydroxide, barium hydroxide, sodium hydrogencarbonate, potassium hydrogencarbonate, sodium carbonate! 
and potassium carbonate can be used. 

[0079] In addition, the following organic bases can also be used as the base catalyst: 

linear, branched, or cyclic monoalkylamines such as n-hexylamine, n-heptylamine, n-octylamine, n-nonylamine, 
n-decylamine } and cyclohexylamine; linear, branched, or cyclic dialkylamines such as di-n-butylamine, di-n- 
pentylamine, di-n-hexylamine, di-n-heptylamine, di-n-octylamine : di-n-nonylamine, di-n-decylamine, cyclohexyl- 
methylamine, and dicyclohexylamine; linear, branched, or cyclic tri alky I amines such as triethylamine, tri-n-pro- 
pylamine, tri-n-butylamine, tri-n-pentylamine, tri-n-hexylamine, tri-n-heptylamine, tri-n-octylamine, tri-n-non- 
ylamine, tri-n-decylamine, cyclohexyl dimethyl amine, dicyclohexylmethylamine, and tricyclohexylamine; aromatic 
amines such as aniline, N-methylaniline, N,N-dimethylaniline, 2-methylaniline, 3-methylaniline, 4-methylaniline, 
4-nitroaniline, diphenylamine, triphenylamine, and naphthylamine; diamines such as ethylenediamine, 
N,N,N\NMetramethylethylenediamine, tetramethylenediamine, hexamethylenediamine, 4 : 4 , -diaminodiphenyl- 
methane, 4,4'-diaminodiphenyl ether, 4,4-diaminobenzophenone, 4,4 , -diaminodiphenylamine, 2,2-bis(4-ami- 
nophenyl)propane, 2-(3-aminophenyl)-2-(4-aminophenyl)propane, 2-(4-aminophenyl)-2-(3-hydroxypheny!)pro- 
pane, 2-(4-aminophenyl)-2-(4-hydroxyphenyl)propane, 1 ,4-bist1-(4-aminophenyl)-1-methylethyl]benzene, and 
1,3-bis[1-(4-aminophenyi)-1-methylethyl]benzene; imidazoles such as imidazole, benzimidazole, 4-methylimida- 
zole, and 4-methyt-2-phenylimidazole; pyridines such as pyridine, 2-methylpyridine, 4-methylpyridine, 2-ethylpy- 
ridine, 4-ethylpyridine, 2-phenylpyridine, 4-phenylpyridine, 2-methyl-4-phenylpyridine, nicotine, nicotinic acid, nico- 
tinamide, quinoline, 4-hydroxyquinoline, 8-oxyquinoline, and acridine; piperazines such as piperazine and 1 -(2-hy- 
droxyethyl)piperazine; as well as other nitrogen-containing heterocyclic compounds such as pyrazine, pyrazole, 
pyridazine, quinoxaline, purine, pyrrolidine, piperidine, morpholine, 4-methylmorpholine, 1 ,4-dimethylpiperazine! 
and 1 ,4-diazabicyclo[2.2.2]octane; and the like. 

[0080] These base catalysts may be used either individually or in combination of two or more. 
[0081] Of these acid catalysts and base catalysts, hydrochloric acid, sulfuric acid, acetic acid, oxalic acid, malonic 
acid, maleic acid, fumaric acid, acetic anhydride, maleic anhydride, triethylamine, tri-n-propylamine, tri-n-butylamine, 
pyridine, and the like are preferable. 

[0082] The acid catalyst and base catalyst are usually used in the amount of 0.01 -1 0, 000 parts by weight for 1 00 
parts by weight of the silane compound. 

[0083] As examples of the solvent used in the polycondensation, linear or branched ketones such as 2-butanone, 
2-pentanone, 3-methyl-2-butanone, 2-hexanone, 4-methyl-2-pentanone, 3-methyl-2-pentanone, S^-dimethyl^-bu- 
tanone, 2-heptanone, and 2-octanone; cyclic ketones such as cyclopentanone, 3-methylcyclopentanone, cyctohex- 
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anone, 2-methylcyclohexanone, 2,6-dimethylcyclohexanone, and isophorone; propylene glycol monoalkyl ether ace- 
tates such as propylene glycol monomethyl ether acetate, propylene glycol monoethyl ether acetate, propylene glycol 
mono-n-propyl ether acetate, propylene glycol mono-i-propyl ether acetate, propylene glycol mono-n-butyl ether ace- 
tate, propylene glycol mono-i-butyl ether acetate, propylene glycol mono-sec-butyl ether acetate, and propylene glycol 

s mono-t-butyl ether acetate; alkyl 2-hydroxypropio nates such as methyl 2-hydroxypropionate, ethyl 2-hydroxypropion- 
ate, n-propyl 2-hydroxypropionate, i-propyl 2-hydroxypropionate, n-butyl 2-hydroxypropionate, i-butyl 2-hydroxypropi- 
onate, sec-butyl 2-hydroxypropionate, and t-butyl 2-hydroxypropionate; alkyl 3-alkoxypropionates such as methyl 
3-methoxypropionate, ethyl 3-methoxypropionate, methyl 3-ethoxypropionate, and ethyl 3-ethoxypropionate; alcohols 
such as n-propyl alcohol, i-propyl alcohol, n-butyl alcohol, t-butyl alcohol, cyclohexanol, ethylene glycol monomethyl 

10 ether, ethylene glycol monoethyl ether, ethylene glycol mono-n-propyl ether, ethylene glycol mono-n-butyl ether, pro- 
pylene glycol monomethyl ether, propylene glycol monoethyl ether, and propylene glycol mono-n-propyl ether; di- 
alkylene glycol dialkyl ethers such as diethylene glycol dimethyl ether, diethylene glycol diethyl ether, diethylene glycol 
di-n-propyl ether, and diethylene glycol di-n-butyl ether; ethylene glycol monoalkyl ether acetates such as ethylene 
glycol monomethyl ether acetate, ethylene glycol monoethyl ether acetate, and ethylene glycol mono-n-propyl ether 

'5 acetate; aromatic hydrocarbons such as toluene and xylene; other esters such as ethyl 2-hydroxy-2-methylpropionate, 
ethyl ethoxyacetate, ethyl hydroxyacetate, methyl 2-hydroxy-3-methylbutyrate, butyl 3-methoxyacetate, butyl 3-methyl- 
3-methoxyacetate, butyl 3-methyl-3-methoxypropionate, butyl 3-methyl-3-methoxybutyrate, ethyl acetate, n-propyl ac- 
etate, n-butyl acetate, methyl acetoacetate, ethyl acetoacetate, methyl pyruvate, ethyl pyruvate; N-methylpyrrolidone, 
N.N-dimethylformamide, N.N-dimethylacetamide, benzyl ethyl ether, di-n-hexyl ether, diethylene glycol monomethyl 

20 ether, diethylene glycol monoethyl ether, caproic acid, caprylic acid, 1-octanol, 1-nonanol, benzylalcohol, benzyl ace- 
tate, ethyl benzoate, diethyl oxalate, diethyl maleate, y-butyrolactone, ethylene carbonate, and propylene carbonate 
can be given. 

[0084] The solvent may be used either individually or in combination of two or more. 

[0085] These solvents are usually used in the amount of 2,000 parts by weight or less for 1 00 parts by weight of all 

25 of the silane compounds. 

[0086] The polycondensation reaction for producing the polysiloxane (1) can be preferably carried out either in the 
presence or absence of a solvent, such as 2-butanone, 2-pentanone, 3-methyl-2-butanone, 2-hexanone, 4-methyl- 
2-pentanone, 3-methyl-2-pentanone, 3,3-dimethyl-2-butanone, 2-heptanone, 2-octanone, cyclopentanone, 3-methyl- 
cyclopentanone, cyclohexanone, 2-methylcyclohexanone, 2,6-dimethylcyclohexanone, diethylene glycol dimethyl 

30 ether, diethylene glycol diethyl ether, diethylene glycol di-n-propyl ether, diethylene glycol di-n-butyl ether, ethylene 
glycol monomethyl ether acetate, ethylene glycol monoethyl ether acetate, and ethylene glycol mono-n-propyl ether 
acetate. 

[0087] In addition, water may be added to the reaction mixture of the polycondensation reaction. The amount of 
water to be added is usually 1 0,000 parts by weight or less for 1 00 parts by weight of all of the silane compounds. 
35 [0088] The polycondensation reaction is carried out at a temperature of usually -50 to 300°C, and preferably 20 to 
100°C, usually for a period of one minute to 100 hours. 

[0089] When the polysiloxane (1) is formed only from bifunctional structural units such as the structural unit (I) and 
another structural unit derived from a silane compound (iii) or a silane compound (v), the whole molecular chains have 
a linear structure. When the polysiloxane (1 ) is formed only from trifunctional structural units such as the structural unit 
(||) and another structural unit derived from a silane compound (iv) or a silane compound (vi) , a part or the whole 
molecular chains have a ladder structure. 

[0090] Although a specific content of each structural unit in the polysiloxane (1) varies according to the types and 
combination of the structural units, the total of the structural unit (I) and the structural unit (II) is usually 1-99 mol%, 
preferably 5-95 mol%, and particularly preferably 10-90 mol% of the total amount of the structural units. If the above 
4 5 total amount is less than 1 mol%, transparency at a wavelength of 193 nm or less, particularly 157 nm or less, tends 
to decrease; if more than 99 mol%, hydrophobicicity of the resulting polysiloxane increases, giving rise to a tendency 
of poor solubility of the resist after exposure in a developing solution. 

[0091] The amount of the other structural units is usually 99 mol% or less, and preferably 95 mol% or less of the 
total amount of all structural units. 
so [0092] The total amount of the structural units having an acid-dissociable group is usually 1-99 mol%, preferably 
5-95 mol%, and particularly preferably 10-90 mol%. If this total amount is less than 1 mol^o, solubility in a developing 
solution of resist after exposure tends to decrease; if more than 99 mol%, adhesion of the resist to a substrate tends 
to be insufficient. 

[0093] The polystyrene- reduced weight average molecular weight (Mw) of the polysiloxane (1) determined by gel 
55 permeation chromatography (GPC) is 500-1 ,000 : 000, preferably 500-500,000, and particularly preferably 
1 ,000-1 00,000. If the Mw of the polysiloxane (1 ) is less than 500, the glass transition temperature (Tg) of the resulting 
polymer tends to decrease. If the Mw exceeds 1 ,000,000, solubility of the polymer in solvents tends to decrease. 
[0094] The ratio (Mw/Mn) of Mw to the polystyrene-reduced number average molecular weight (Mn) determined by 
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gel permeation chromatography (GPC) of the polysiloxane (1) is preferably 1.5 or less, more preferably 1.3 or less, 
and particularly preferably 1 .2 or less. 

[0095] The glass transition temperature (Tg) of polysiloxane (1 ) is usually from -50 to 500°C, and preferably from 0 
to 300°C. If the glass transition temperature (Tg) of polysiloxane (1) is less than -50°C, pattern formation using the 
resulting radiation sensitive resin composition tends to be difficult. If more than 500°C, solubility of the polymer in 
solvents tends to decrease. 

Radiation Sensitive Resin Composition 

[0096] The radiation sensitive resin composition comprises (A) the polysiloxane (1) and (B) a photoacid generator 
as essential components. 

[0097] The polysiloxane (1 ) can be used either individually or in combination of two or more in the radiation sensitive 
resin composition of the present invention. 

[0098] One or more other pofysiloxanes can be used in combination with the polysiloxane (1 ) in the radiation sensitive 
resin composition of the present invention. The polysiloxane (1) and the other polysiloxanes may be referred to col- 
lectively as "polysiloxane (A)" from time to time in the following description. 
[0099] As examples of the other polysiloxanes, polysiloxanes obtained by polycondensation of the above silane 
compounds (iii) to (vi) can be given. 

[0100] In this instance, the proportion of the other polysiloxanes used is usually 50 wt% or less, and preferably 20 
20 wt% or less of the total amount of the polysiloxane (1 ) and other polysiloxanes. 

<Acid generator (B)> 

[0101] The acid generator (hereinafter referred to as "acid generator (B)") used in the radiation sensitive resin com- 
25 position of the present invention is a component generating an acid by exposure to radiation. The acid causes an acid- 
dissociable group in the polysiloxane (A) to dissociate. As a result, an exposed part of the resist film becomes readily 
soluble in an alkaline developer, thereby forming a positive-tone resist pattern. 

[01 02] The action of the photoacid generator (B) in the present invention is not specifically limited to the above action. 
As a preferable acid generator (B), an acid generator containing a compound (hereinafter referred to as "an acid 
30 generator (B1)") that generates trifluoromethane sulfonic acid or an acid of the following formula (17) (hereinafter 
collectively referred to as "acid (I)") upon exposure can be given. 
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(17) 



wherein Rf 4 individually represents a fluorine atom or trifiuoromethyl group, Ra represents a hydrogen atom, fluorine 
atom, linear or branched alkyl group having 1 -20 carbon atoms, linear or branched fluoroalkyi group having 1 -20 carbon 
atoms, substituted or unsubstituted monovalent cyclic hydrocarbon group having 3-20 carbon atoms, or substituted or 
unsubstituted monovalent cyclic fluoro-hydrocarbon group having 3-20 carbon atoms. 

[0103] As examples of the acid generator (B1 ), onium salts, sulfone compounds, sulfonic acid compounds, carboxylic 
acid compounds, diazoketone compounds, and halogen-containing compounds can be given. 
[0104] Although an acid generator (B1 ) alone can be used as the acid generator (B), the acid generator (B1 ) can be 
used in combination with a compound (hereinafter referred to as "photoacid generator (B2)") generating an acid of the 
following formula (18) ("acid (11-1)"), an acid of the following formula (19) ("acid (II-2)"), or an acid of the following 
formula (20) ("acid (II-3)") : 
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5 



Rb— C— S0 3 H 
Rfs 



(18) 



10 



Rs— SO3H 



(19) 



Rc— COOH 



(20) 



15 



in the formula (18), Rf 4 represents a fluorine atom or trifiuoromethyl group, Rf 5 represents a hydrogen atom, fluorine 
atom, methyl group, or trifiuoromethyl group, Rb represents a hydrogen atom, a linear or branched alkyl group having 
1-20 carbon atoms, a substituted or unsubstituted monovalent cyctic hydrocarbon group having 3-20 carbon atoms, 
or a substituted or unsubstituted monovalent cyclic f luoro-hydrocarbon group having 3-20 carbon atoms, in the formula 
(1 9), Rs represents a linear or branched alkyl group having 1 -20 carbon atoms or a substituted or unsubstituted mono- 
valent cyclic hydrocarbon group having 3-20 carbon atoms, and in the formula (20) , Rc represents a linear or branched 
alkyl group having 1 -20 carbon atoms, or a linear or branched fluoroatkyl group having 1 -20 carbon atoms, a substituted 
or unsubstituted monovalent cyclic hydrocarbon group having 3-20 carbon atoms, or a substituted or unsubstituted 
monovalent cyclic f luoro-hydrocarbon group having 3-20 carbon atoms. 

[01 05] As specific examples of the linear or branched alkyl group having 1 -20 carbon atoms represented by Ra, Rb , 
Rs, or Rc in the formulas (17) to (20), a methyl group, ethyl group, n-propyl group, i-propyl group, n-butyl group, i-butyl 
group, sec-butyl group, t-butyl group, n-pentyl group, n-hexyl group, n-heptyl group, and n-octyl group can be given. 
[0106] As specific examples of the linear or branched fluoroalkyl group having 1-20 carbon atoms represented by 
Ra or Rc, a trifiuoromethyl group, pentafluoroethyl group, heptafluoro-n-propyl group, heptafluoro-i-propyl group, non- 
afluoro-n-butyl group, nonafluoro-i-butyl group, nonafluoro-sec-butyl group, nonafluoro-t-butyl group, perfluoro-n- 
pentyl group, perfluoro-n-hexyl group, perfluoro-n-heptyl group, and perfluoro-n-octyl group can be given. 
[0107] As examples of the monovalent cyclic hydrocarbon group having 3-20 carbon atoms, the monovalent cyclic 
fluoro-hydrocarbon group having 3-20 carbon atoms, or their substituted derivatives represented by Ra, Rb, Rs, or Rc 
groups of the following formulas (21)-(27) can be given. 
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wherein Me indicates a methyl group (hereinafter the same). 

[0108] fn the formulas (21)-(27), R individually represents a hydrogen atom, halogen atom, hydroxy! group, acetyl 
group, carboxyl group, nitro group, cyano group, primary amino group, secondary amino group, linear or branched 
alkoxyl group having 1-10 carbon atoms, linear or branched alkyl group having 1-10 carbon atoms, or linear or branched 

5 fluoroalkyl group having 1-10 carbon atoms. R 11 individually represents a hydrogen atom, halogen atom, linear or 
branched alkyl group having 1-10 carbon atoms, or a linear or branched fluoroalkyl group having 1-10 carbon atoms, 
and i is an integer of 0 to 10; in the formula (24), j is an integer of 1-18; and in the formula (25), p is an integer of 0-3. 
[0109] Preferable examples of the acid (I) include: trifluoromethanesulfonic acid, pentafluoroethanesulfonic acid, 
heptafluoro-n-propanesulfonic acid, nonafluoro-n-butanesulfonic acid, perfluoro-n-octanesulfonic acid, 1,1,2,2,- 

10 tetrafluoro-n-propanesulfonic acid, 1 ,1 ,2,2,-tetrafluoro-n-butanesulfonic acid, and 1 ,1 ,2,2-tetrafluoro-n-octanesulfonic 
acid, as well as acids produced by bonding a group -CF 2 CF 2 S0 3 H, -CF 2 CF(CF 3 )S0 3 H. - CF(CF 3 )CF 2 S0 3 H, -CF(CF 3 ) 
CF(CF 3 )S0 3 H, -C(CF 3 ) 3 CF 2 S0 3 H, or -CF 2 C(CF 3 ) 2 S0 3 H to the bonding site of the group of any of the formulas (21) 
-(27), for example, the acids of the following formula (1 7-1 ) to (1 7-1 0): 
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CF 2 — CF 2 ~ S0 3 H 



(17-1) 
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CF 2 — CF 2 — SO3H 
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(17-2) 
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CF 2 — CF 2 — SO3H 



(17-5) 
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CF 2 — CF 2 — S0 3 H 

(17-6) 

,CF 2 — CF 2 — SO3H 

(17-7) 
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(17-8) 



(17-9) 



(17-10) 



[0110] Preferable examples of the acid (11-1) include: 

1-fluoroethanesulfonic acid, 1-fluoro-n-propanesulfonic acid, 

1-fluoro-n-butanesulfonic acid, 1 -f luoro-n-octanesulfonic acid, 1,1-difluoroethanesulfonic acid, 
1 ,1 -difluoro-n-propanesulfonic acid, 
1,1 -difluoro-n-butanesulfonic acid, 
1 ,1 -difluoro-n-octanesulfonic acid, 
1 -trifluoromethyl-n-propanesulfonic acid, 
1 -trifluoromethyl-n-butanesuffonic acid, 
1 4rifluoromethyl-n-octanesulfonic acid, 
1 ,1 -bis(trif!uoromethyl)ethanesulfonic acid, 
1 ,1 -bis(trifluoromethyl)-n-propanesulfonic acid, 
1 ,1 -bis(trifluoromethyl)-n-butanesulfonic acid, and 
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1,1-bis(trifluoromethyl)-n-octanesulfonic acid; as well as acids produced by bonding a group -CF«SOoH 
-CHFSO3H, ^ 
-CH(CF 3 )S0 3 H, or -C(CF 3 ) 2 S0 3 H to the bonding site of the group of any of the formulas (21)-(27), for example, 
the acids of the following formula (1 8-1 ) to (1 8-40): 

5 

/ CH 2 —CF 2 — SO3H 
["Y (L8-1) 
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,CH 2 — C(CF 3 )2— SO3H ( 18 - 2 ) 

□ 



.CF 2 — SO3H 

|— < ' (18-3) 

C(CF 3 ) 2 — SO3H 

rY (18-4) 



^CH 2 — CF 2 — SO3H 

/j (18-5) 




CH 2 — C(CF 3 ) 2 — SO3H 

(18-6) 



CF 2 — SO3H 

/"Y (18-7) 
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aC(CF 3 ) 2 — S0 3 H 
(18-8) 



CH 2 — CF 2 — SO3H 

(18-9) 



aCH 2 -C(CF 3 ) 2 -S0 3 H 
(18-10) 



CF 2 — SO3H 

(18-11) 




^ /C(CF 3 ) 2 — SO3H 

(18-12) 






CH 2 — CF 2 — SO3H 

(18-13) 



CH 2 — C(CF 3 ) 2 — SO3H 
II (18-14) 
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(18-15) 



^v^CCCFsfe— SQ 3 H 



I (18-16) 



CH 2 ~ CF 2 — SO3H 



(18-17) 



CH 2 — C(CF 3 ) 2 — SO3H 

(18-18) 




,C(CF 3 ) 2 ~ SO3H 



(18-20) 
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CH 2 — CF 2 — S0 3 H 



(18-21) 
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CH 2 — C(CF 3 ) 2 — S0 3 H 



(18-22) 
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CF 2 — SQ 3 H 



(18-23) 
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C(CF 3 ) 2 — SO3H 
II (18-24) 
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^1\,CH 2 ~CF 2 -S0 3 H 

Me-i-Me ( 18 . 2 5) 
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< 2 ~C(CF 3 ) 2 — SO3H 
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,CF 2 ~ S0 3 H 



Me — Me 



(18-27) 



^T\.C(CF3) 2 -S0 3 H 
Me-fMe (18-28) 




CH 2 — CF 2 — SO3H 



(18-29) 




CH 2 — C(CF 3 ) 2 — SO3H 



(18-30) 




CF 2 — SO3H 



(18-31) 




C(CF 3 ) 2 — SO3H 



(18-32) 
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CH 2 — CF 2 — SQ 3 H 



(18-33) 
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CH 2 -C(CF3) 2 -S0 3 H 



(18-34) 
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CF 2 — SO3H 
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C(CF 3 ) 2 — SO3H 
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35 



40 



^.CH 2 — CF 2 ~S0 3 H 



45 



50 




CH 2 — C(CF 3 ) 2 — SO3H 



(18-38) 
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C(CF 3 ) 2 — SQ 3 H 



(18-40) 
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[0111] Preferable examples of the acid (II-2) include: 

linear or branched cycloalkyl sulfonic acids such as methanesulfonic acid, ethanesulfonic acid, n-propanesuifonic 
acid, n-butanesulfonic acid, i-butanesulfonic acid : sec-butanesulfonic acid, t-butanesulfonic acid, n-pentanesul- 
fonic acid, n-hexanesulfonic acid, n-octanesulfonic acid, cyclopentanesulfonic acid, and cyclohexanesulfonic acid; 
aromatic sulfonic acids such as benzenesulfonic acid, p-toluenesulfonic acid, benzylsulfonic acid, a-naphthale- 
nesulfon ic acid, and f}-naphthalenesulfonic acid; 1 0-camphorsulfonic acid; and acids produced by bonding a group 
-SO3H to the bonding site of the group of any of the formulas (21)-(27). 

[0112] The following acids can be given as preferable examples of the acids (II-3) in the present invention: acetic 
acid, n-propionic acid, butyric acid, isobutyric acid, valeric acid, isovaleric acid, caproic acid, benzoic acid, salicylic 
acid, phthalic acid, terephthalic acid, a-naphthalenecarboxylic acid, 0-naphthalenecarboxylic acid, cyclobutanecarbox- 
ylic acid, cyclopentanecarboxylic acid, cyclohexanecarboxylic acid, 1 ,1-cyclobutanedicarboxylic acid, 1 : 2-cyclobu- 
tanedicarboxylic acid, 1,1-cyclopentanedicarboxylic acid : 1 ,2-cyciopentanedicarboxylic acid, 1 ,3-cyclopentanedicar- 
boxylic acid, 1 ,1-cyclohexanedicarboxylic acid, 1 ,2-cyclohexanedicarboxylic acid, 1 ,3-cyclohexanedicarboxylic acid, 
1 ,4-cyclohexanedicarboxylic acid, 2-norbornanecarboxylic acid, 2,3-norbomanedicarboxylic acid, norbornyl-2-acetic 
acid, 1-adamantanecarboxylic acid, 1 -adamantaneacetic acid, 1 ,3-adamantanedicarboxylic acid, 1 ,3-adamantane- 
diacetic acid, lithocholic acid, deoxycholic acid, chenodeoxycholic acid, andcholic acid, as well as acids produced by 
bonding a group -COOH to the bonding site of the group of any of the formulas (21 ) - (27). 

[0113] As examples of the onium salt compound generating the acid (I), acid (11-1), acid (II-2), or acid (II-3), diphe- 
nyliodonium salt, bis(4-t-butylphenyl)iodonium salt, triphenylsulfonium salt, 4-hydroxyphenylphenylmethylsulfonium 
salt, cyclohexy|.2-oxocyclohexyl-methylsulfonium salt, dicyclohexyl2-oxocyclohexylsulfonium salt, 2-oxocyclohexyld- 
imethylsulfonium salt, 4-hydroxypheny|.benzyl-methylsulfonium salt, 1-naphthyldimethylsulfonium salt, 1-naphthyldi- 
ethylsulf onium salt, 4-cyano-1-naphthyldimethylsulfonium salt, 4-cyano-1-naphthyldiethylsulfonium salt, 4-nitro- 
1-naphthyldimethylsulfonium salt, 4-nitro-1-naphthyldiethylsulfonium salt, 4-methyM-naphthyldimethylsulfonium salt, 
4-methyl-1-naphthyldiethylsulfonium salt, 4-hydroxy-1-naphthyldimethylsulfonium salt, 4-hydroxy-1-naphthyldiethyl- 
sulfonium salt, 1-[1-(4-hydroxynaphthyl)]tetrahydrothiopheniumsalt, 1-[1-(4-methoxynaphthyl)]tetrahydrothiophenium 
salt, 1 -[1 -(4-ethoxynaphthyl)]tetrahydrothiophenium salt, 1 -[1 -(4-n-butoxynaphthyl)]tetrahydrothiophenium salt, 
1 -[1 -(4-methoxymethoxynaphthyl)]tetrahydrothiophenium salt, 1 -[1 -(4-ethoxymethoxynaphthyl)]tetrahydrothiophe- 
nium salt, 1-[1-{4-(1-methoxyethoxy)naphthyl}]tetrahydrothiophenium salt, 1-[1-{4-(2-methoxyethoxy)naphthyl}]tet- 
rahydrothiopheniumsalt, 1 -[1 -(4-methoxycarbonyloxynaphthyl)]tetrahydrothiopheniumsalt, 1 -[1 -(4-ethoxycarbonyloxy- 
naphthyl)]tetrahydrothiophenium salt, 1-[1-(4-n-propoxycarbonyloxynaphthyi)]tetrahydrothiophenium salt, 1-[1-(4-i- 
propoxycarbonyloxynaphthyl)]tetrahydrothiophenium salt, 1 -[1 -(4-n-butoxycarbonyloxynaphthyl)]tetrahydrothiophe- 
nium salt, 1-[1-(4-t-butoxycarbonyloxynaphthyl)]tetrahydrothiophenium salt, 1-[1-{4-(2-tetrahydrofuranyloxy)naph- 
thyl}]-tetrahydrothiopheniumsalt,1-[1-{4-(24etrahydropyranyloxy)naphthyl}J-tetrahydrothiophe 
loxynaphthyl)]tetrahydrothiopheniumsalt, and 1-[1-(1-naphthylacetomethyl)]tetrahydrothiophenium salt can be given. 
[0114] As examples of sulfone compounds generating the acid (l) : acid (11-1), or acid (II-2), 0-ketosulfone and p- 
sulfonylsulfone, and a-diazo compounds of these compounds can be given. 

[0115] As examples of the sulfonic acid compound generating the acid (I), acid (11-1), or acid (ll-2) s sulfonic acid 
esters, sulfonic acid imides, aryl sulfonic acid esters, and imino sulfonates can be given. 

[0116] As examples of carboxylic acid compounds generating the acid (II-3), carboxylic acid ester, carboxyiic acid 
imide, and carboxylic acid cyanate can be given. As examples of diazoketone compounds generating the acid (I), acid 
(ll-1) ; acid (II-2), or acid (II-3), 1 ,3-diketo-2-diazo compounds, diazobenzoquinone compounds, and diazonaphthoqui- 
none compounds can be given. 

[0117] As examples of halogen-containing compounds generating the acid (I), acid (11-1), acid (II-2), or acid (II-3), 
haloalkyl group-containing hydrocarbon compounds, and haloalkyl group-containing heterocyclic compounds can be 
given. 

[0118] In addition, as examples of the photoacid generator (B) other than the acid generator (B1 ) and the acid gen- 
erator (B2) (hereinafter referred to as "the other acid generator* 1 ), the other onium compou nds such as diphenyliodonium 
pyrenesulfonate, diphenyliodoniumn-dodecylbenzenesulfonate, diphenyliodonium hexafluoroantimonate, bis(4-t- 
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butylphenyl)iodonium n-dodecylbenzenesulfonate, bis(4-t-butylphenyl)iodonium hexafluoroantimonate, bis(4-t-butyl- 
phenyl)iodonium naphthalenesulfonate, triphenylsulfonium hexafluoroantimonite, triphenylsulfonium naphthalenesul- 
fonate, triphenylsulfonium 10-camphorsu!fonate, 4-hydroxypheny|.pheny|.methytsulfonium p-toluenesulfonate, and 
4-hydroxypheny|.benzyl-methylsulfonium p-toluenesulfonate; suifone compounds such as 4-trisphenacylsulfone, mes- 
itylphenacylsulfone, and bis(phenylsulfonyl)methane; sulfonic acid compounds such as benzointosylate and nitroben- 
zyl-9,10-diethoxyanthracene-2-sulfonate; diazoketone compounds such as 1 ,2-naphthoquinonediazido-4-sulfonyl 
chloride, 1,2-naphthoquinonediazido-5-sulfonyl chloride, 1 ,2-naphthoquinonediazido-4-su!fonate or 1 ,2-naphthoqut- 
nonediazido-5-sulfonate of 2,3,4 l 4'-tetrahydroxybenzophenone, and 1 ,2-naphthoquinonediazido-4-sulfonate or 
!,2-naphthoquinonediazido-5-sulfonate of 1,1 ,1-tris(4-hydroxyphenyl)ethane; and other halogen-containing com- 
pounds such as (trichloromethyl)-s-triazine derivatives such as phenylbis(trichloromethyl)-s-triazine, 4-methoxyphe- 
nylbis(trichloromethyl)-s-triazine, and 1 -naphthylbis(trichloromethyl)-s-triazine, and 1,1 -bis(4-chlorophenyl)- 
2,2,2-trichloroethane can be given. 

[0119] In the present invention, although the other acid generator can be used alone as the acid generator (B), 
combined use of the other acid generator with the acid generator (B1) or further with the acid generator (B2) is also 
preferable. 

[0120] In the present invention, the acid generator (B) may be used either individually or in combination of two or more. 
[0121] The amount of the acid generator (B) to be used in the present invention is usually 0.1-10 parts by weight, 
and preferably 0.5-7 parts by weight for 100 parts by weight of the polysiloxane (A) from the viewpoint of ensuring 
sensitivity and developability as a resist. If the amount of the acid generator (B) is less than 0.1 part by weight, sensitivity 
and developability of the resulting resist may be decreased. If the amount exceeds 1 0 parts by weight, it may be difficult 
to obtain a rectangular resist pattern due to a decrease in transparency to radiation. 

dissolution controller 

[0122] The radiation sensitive resin composition of the present invention may furth er comprise at least one dissolution 
controller selected from the group consisting of a compound of the following formula (C1) (hereinafter referred to as 
"dissolution controller (C1)") and a compound of the following formula (C2) (hereinafter referred to as "dissolution 
controller (C2) M ). 



X 




(CD (C2) 

wherein X individually represents a hydrogen atom, fluorine atom, linear or branched alkyl group having 1-10 carbon 
atoms, or linear or branched fluoroalkyl group having 1-10 carbon atoms, or a group of the following formula (c), 
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i 




— (CH 2 ) s -fc-) r Z 1 -OZ 2 (c) 
Rfe 

wherein Rf 6 individually represents a hydrogen atom, methyl group, ortrifluoromethyl group, Z 1 is a single bond, meth- 
ylene group, cyclohexylene group, or phenylene group, Z 2 represents a hydrogen atom or a monovalent organic group 
dissociating with a hydrogen atom or an acid to produce a hydrogen atom, s is an integer of 0 to 3, and r is 0 or 1 , 
provided that at least one of the groups X is the group of the formula (c), and p and q are individually an integer from 
0to2. 

[0123] Inclusion of at least one compound selected from the group consisting of the dissolution controllers (C1 ) and 
dissolution controllers (C2) ensures that the resist made from the radiation sensitive resin composition of the present 
invention appropriately controls the dissolution contrast and the rate of dissolution. 

[01 24] As examples of the linear or branched alkyl group having 1-10 carbon atoms represented by X in the formula 
(C1) and (C2), a methyl group, ethyl group, n-propyl group, i-propyl group, n-butyl group, i-butyl group, sec-butyl group, 
t-butyl group, n-pentyl group, n-hexyl group, n-heptyl group, n-octyl group, n-nonyl group, and n-decyl group can be 
given. 

[0125] As examples of the linear or branched fluoroalkyl group having 1-10 carbon atoms represented by X, a fluor- 

omethyl group, difluoromethyl group, trifluoromethyl group, pentafluoroethyl group, heptafluoro-n -propyl group, hep- 

tafluoro-i-propyl group, nonafluoro-n-butyl group, perfluoro-n-pentyl group, perfluoro-n-hexyl group, perfluoro-n-heptyl 

group, perfluoro-n-octyl group, perfluoro-n-nonyl group, and perfluoro-n-decyl group can be given. 

[0126] The two bonding sites in the cyclohexylene group and phenylene group represented by Z 1 in the group of the 

above formula (c) (hereinafter referred to as "functional group (c) M ) showing the group X may be 1 ,2-, 1 ,3- : or 1 ,4-po- 

sitions. 

[0127] As examples of the monovalent organic group dissociable with an acid to produce hydrogen atoms repre- 
sented by Z 2 , organocarbonyl groups such as a t-butoxycarbonyl group, methoxycarbonyl group, ethoxycarbonyl group, 
i-propoxycarbonyl group, 9-fluorenylmethylcarbonyl group, 2,2,2-trichloroethylcarbonyl group, 2-(trimethylsilyl)ethyl- 
carbonyl group, i-butylcarbonyl group, vinylcarbonyl group, allylcarbonyl group, benzylcarbonyl group, 4-ethoxy- 

1- naphthylcarbonyl group, and methyldithiocarbonyl group; organic groups bonding to the oxygen atom in the formula 
(c) to form an acetal structure such as a methoxymethyl group, methylthiomethyl group, ethoxymethyl group, ethylth- 
iomethyl group, t-butoxymethyl group, t-butylthiomethyl group, (phenyldimethylsilyl)methoxymethyl group, benzy- 
loxymethyl group, t-butoxymethyl group, siloxymethyl group, 2-methoxyethoxymethyl group, 2,2,2-trichloroethoxyme- 
thyl group, bis(2-chloroethoxy)methyl group, 2-(trimethylsilyl)ethoxymethyl group, 1-methoxycyclohexyl group, tetrahy- 
dropyranyl group, 4-methoxytetrahydropyranyl group, tetrahydrofuranyl group, tetrahydrothiopyranyl group, tetrahy- 
drothiofuranyl group, 1-methoxyethyl group, 1 -ethoxyethyl group, 1 -(2-chloroethoxy)ethyl group, 1 -methyl-1 -methox- 
yethyl group, 1 -methyl-1 -benzyloxyethyl group, 1 -(chloroethoxy)ethyl group, 1 -methyl-1 -benzyloxy-2-fluoroethyl 
group, 2,2,2-trichloroethyl group, 2-trimethylsilylethyl group, and 2-(phenylselenyl)ethyl group; alkylsiiyl groups such 
as a trimethylsilyl group, triethylsilyl group, tri-i-propylsilyl group, dimethyl-i-propylsilyl group, dimethylethyisilyl group, 
t-butyldimethylsilyl group, t-butyldiphenylsilyl group, tribenzylsilyl group, tri-p-xylylsilyl group, triphenylsilyl group, 
diphenylmethylsilyl group, and t-butylmethoxyphenylsilyl group; and alkyl-substituted alicyclic group such as 2-methyl- 

2- adamantyl group, 2-ethyl-2-adamantyl group, 2-methyl-2-norbornyl group, 2-ethyl-2-norbornyl group, 1-methylcy- 
clopentyl group, 1-ethylcyclopentyl group, 1 -methylcyclohexyl group, and 1 -ethylcyclohexyl group can be given. 
[0128] Of these monovalent organic groups dissociable with an acid to produce hydrogen atoms, t-butoxycarbonyl 
group, methoxymethyl group, ethoxymethyl group, 1-methoxyethyl group, 1-ethoxyethyl group, and the like are pref- 
erable. 

[0129] As preferable examples of the compound (C1), compounds shown by the folic wing formulas (C1 -1) to (C1 -4) 
can be given: 
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wherein R 1 2 individually represents a hydrogen atom, t-butoxycarbonyl group, methoxymethyl group, ethoxymethyl 
55 group, 1-methoxyethyl group, or 1 -ethoxyethyl group and Rf 7 individually represents a hydrogen atom, fluorine atom, 
or trifluoromethyl group, provided that eight Rf 7 groups in the formula (C1-3) or (C1-4) cannot be a hydrogen atom at 
the same time. 

[0130] As preferable examples of the compound (C2), compounds shown by the following formulas (C2-1) to (C2-5) 
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wherein R 12 individually represents a hydrogen atom, t-butoxycarbonyl group, methoxymethyl group, ethoxymethyl 
group, 1-methoxyethyl group, or 1 -ethoxyethyl group and Rf 7 individually represents a hydrogen atom, fluorine atom, 
or trifluoromethyl group, provided that four Rf 7 groups in the formula (C2-3) or (C2-4) cannot be a hydrogen atom at 
the same time. 

[0131] In the dissolution controller (C), as the dissolution controller (C1) : the compounds of the following formula 
(C1-1-1), formula (CM -2), formula (C1 -2-1 ), and formula (C1 -2-2), for example, are more preferable. As the dissolution 
controller (C2), the compounds of the following formula (C2-1-1), formula (C2-1-2), formula (C2-2-1), and formula 
(C2-5-1 ), for example, are more preferable. 
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[0132] The total amount of the dissolution controllers (C1 ) and dissolution controllers (C2) used is usually 50 parts 
by weight or less, and preferably 30 parts by weight or less, for 100 parts by weight of the polysitoxane (A). If this total 
amount exceeds 50 parts by weight, heat resistance as a resist tends to be impaired. 

<Acid diffusion controller 

[0133] An acid diffusion controller may be incorporated in the radiation curable resin composition of the present 
invention. 

[0134] The acid diffusion controller controls the diffusion phenomenon of an acid generated from the acid generator 
(B) upon exposure in the resist film, thereby hindering undesired chemical reactions in the unexposed area. 
[0135] The addition of such an acid diffusion controller improves storage stability of the resulting composition and 
resolution as a resist. Moreover, the addition of the acid diffusion controller controls changes in the line width of the 
resist pattern due to changes in the post-exposure delay (PED) between exposure and development, whereby a com- 
position with remarkably superior process stability can be obtained. 

[0136] As the acid diffusion controller, nitrogen-containing organic compounds of which the basicity does not change 
due to exposure or heat treatment during formation of a resist pattern are preferable. 

[0137] As examples of such nitrogen-containing organic compounds, compounds shown by the following formula 
(D1 ) (hereinafter called "nitrogen-containing compounds (a)"), compounds having two nitrogen atoms in the molecule 
(hereinafter called "nitrogen-containing compounds (b)"), polymers having at least three nitrogen atoms (hereinafter 
called "nitrogen-containing compounds (c) H ), compounds containing an amide group, urea compounds, heterocyclic 
compounds containing a nitrogen atom, arid the like can be given: 



wherein R 13 individually represents a hydrogen atom, a substituted or unsubstituted alkyl group, substituted or unsub- 
stituted aryl group, or substituted or unsubstituted aralkyl group. 

[0138] Examples of the nitrogen-containing compounds (a) include mono(cyclo)alkylamines such as n-hexylarnine, 
n-heptylamine, n-octylamine, n-nonylamine, n-decylamine, and cyclohexylamine; di(cyclo)alkylamines such as di-n- 
butylamine, di-n-pentylamine, di-n-hexylamine, di-n-heptylamine, di-n-octylamine, di-n-nonylamine, di-n-decylamine, 
cyclohexylmethylamine, and dicyclohexylamine; tri(cyclo)alkylamines such as triethylamine, tri-n-propylamine, tri-n- 
butylamine, tri-n-pentylamine, tri-n-hexylamine, tri-n-heptylamine, tri-n-octylamine, tri-n-nonylamine, tri-n-decylamine, 
cyclohexyldimethylamine, dicyclohexylmethylamine, and tricyclohexylamine; and aromatic amines such as aniline, N- 
methylaniline, N,N-dimethylaniline, 2-methylaniline, 3-methyfaniline, 4-methylaniline, 4-nitroaniline, diphenylamine, 
triphenylamine, and naphthylamine. 

[0139] Examples of the nitrogen-containing compounds (b) include ethylenediamine, 

N,N,N',N'-tetramethylethylenediamine, tetramethylenediamine, hexamethylenediamine, 4,4'-diaminodiphenylmeth- 
ane, 4,4'-diaminodiphenyl ether, 4,4-diaminobenzophenone, 4,4 , -diaminodiphenylamine, 2,2'-bis(4-aminophenyl)pro- 
pane,2-(3-aminophenyl)-2-(4-aminophenyl)propane,2-(4-aminophenyl)-2-(3-hydroxyphenyl)propane,2-(4-aminophe- 
nyl)-2-(4-hydroxyphenyl)propane, 1 ,4-bis[1 -(4-aminophenyl)-1 -methylethyljbenzene, 1 ,3-bis[1 -(4-aminophenyl)- 

1 - methylethyljbenzene, and the like. 

[0140] As examples of the nitrogen-containing compound (c), polyethyleneimine, polyallylamine, and a polymer of 

2- dimethylaminoethylacryIamide can be given. 

[0141] As examples of the amide group-containing compound, N-t-butoxycarbonyl group-containing amino com- 
pounds such as N-t-butoxycarbonyl di-n-octylamine, N-t-butoxycarbony! di-n-nony!amine, N-t-butoxycarbonyl di-n-de- 
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cylamine, N-t-butoxycarbonyl dicyclohexylamine, N-t-butoxycamonyl-1-adamantylamine, N-t-butoxycarbonyl-N-me- 
thyl-1-adamantylamine, N.N-di-t-butoxycaroonyM-adamantylamine, N,N-di-t-butoxycaroony!-N-methyl-1-ada- 
mantylamine, N-t-butoxycarbonyM.^-diaminodiphenylmethane, N.N'-di-t-butoxycarbonylhexamethylenediamine, N, 
N.N'N'-tetra-t-butoxycarbonylhexamethylenediamine, N.N'-di-t-butoxycaroonyMJ-diaminoheptane^ N.N'-di-t-butoxy- 
carbonyl-1 ,8-diamino octane, N.N'-di-t-butoxycarbonyl-l ,9-diaminononane, N,N'-di-t-butoxycarbonyl-1 ,10-diamino- 
decane, N,N'-di-t-butoxycarbonyM ,12-diaminododecane, N.N'-di-t-butoxycarbonyM^'-diaminodiphenylmethane, N- 
t-butoxycarbonylbenzimidazole, N-t-butoxycaroonyl-2-methylbenzimidazole, and N-t-butoxycarbonyl-2-phenylbenz- 
imidazole; formamide, N-methylformamide, N.N-dimethylformamide, acetamide, N-methylacetamide, N,N-dimethyla- 
cetamide, propionamide, benzamide, pyrrolidone, and N-methylpyrrolidone can be given. 

[0142] Examples of the amide group-containing compound include formamide, N-methylformamide, N,N-dimethyl- 
formamide, acetamide, N-methylacetamide, N,N-dimethylacetamide, propionamide, benzamide, pyrrolidone, and N- 
methylpyrrolidone. 

[0143J As examples of the urea compound, urea, methylurea, 1 ,1 -dimethyl urea, 1 ,3-dimethylurea, 1 ,1 ,3 : 3-tetrame- 
thylurea, 1 ,3-diphenylurea, and tri-n-butylthiourea can be given. 

15 [0144J Examples of the nitrogen-containing heterocyclic compounds include: imidazoles such as imidazole, benz- 
imidazole, 4-methylimidazole, and 4-methyl-2-phenylimidazole; pyridines such as pyridine, 2-methylpyridine, 4-meth- 
ylpyridine, 2-ethylpyridine, 4-ethylpyridine, 2-phenylpyridine, 4-phenylpyridine, 2-methy1-4-phenylpyridine, nicotine, 
nicotinic acid, nicotinamide, quinoline, 4-hydroxyquinoline, 8-oxyquinoline, and acridine; piperazines such as pipera- 
zine and 1 -(2-hydroxyethyl)piperazine; pyrazine, pyrazole, pyridazine, quinoxaline, purine, pyrrolidine, piperidine, mor- 

20 pholine, 4-methylmorpholine, 1 ,4-dimethylpiperazine, 1 ,4-diazabicyclo[2.2.2]octane; and the like. 

[0145] Of the above nitrogen -containing organic compounds, at least one compound selected from the group con- 
sisting of tri(cyclo)alkylamines, N-t-butoxycarbonyl group-containing amino compounds, pyridines, and piperazines is 
preferable. 

[0146] The acid diffusion controllers may be used either individually or in combination of two or more. 
[0147] The amount of the acid diffusion controller to be added is usually 100 mol% or less, preferably 50 mol% or 
less, and still more preferably 30 mol% or less, of the polysiloxane (B). If the amount of the acid diffusion controller 
exceeds 1 00 mol%, sensitivity of the resulting resist and developability of the exposed region may be decreased. If 
the amount of the acid diffusion controller is less than 0.1 mol%, the pattern shape or dimensional accuracy of the 
resulting resist maybe decreased depending on the process conditions. 
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<Other additives> 

[0148] A surfactant that improves applicability, developability, and the like may be added to the radiation sensitive 
resin composition of the present invention. 

[0149] As examples of the surfactant, nonionic surfactants such as polyoxyethylene lauryl ether, polyoxyethylene 
stearyl ether, polyoxyethylene oleyl ether, polyoxyethylene n-octyl phenyl ether, polyoxyethylene n-nonyl phenyl ether, 
polyethylene glycol dilaurate, and polyethylene glycol distearate; and commercially available products such as KP341 
(manufactured by Shin-Etsu Chemical Co., Ltd.), POLYFLOW No. 75, No. 95 (manufactured by Kyoeisha Chemical 
Co., Ltd.), FTOP EF301, EF303, EF352 (manufactured by To h kern Products Corporation), MEGAFAC F171, F173 
(manufactured by Dainippon Ink and Chemicals, Inc.), Fluorad FC430, FC431 (manufactured by Sumitomo 3lvi Ltd.), 
Asahi Guard AG710 : and Surflon S-382, SC-101 , SC-102, SC-103, SC-104, SC-105, SC-106 (manufactured by Asahi 
Glass Co., Ltd.) can be given. 

[0150] The surfactants may be used either individually or in combination of two or more. 

[0151] The amount of surfactant to be added is usually 2 parts by weight or less for 100 parts by weight of the 
polysiloxane (A) and the acid generator (B) in total. 

[0152] As other additives, halation inhibitors, adhesion promoters, storage stabilizers, anti-foaming agents, and the 
like can be given. 

< Preparation of composition solution> 

[0153] The radiation sensitive resin composition of the present invention is made into a composition solution by 
dissolving the composition in a solvent so that the total solid content is usually 1-25 wt%, and preferably 2-15 wt%, 
and filtering the solution using a filter with a pore diameter of about 0.2 jim, for example. 

[0154] As examples of solvents used for preparation of the composition solution, linear or branched ketones such 
as 2-butanone, 2-pentanone, 3-methyl-2-butanone, 2-hexanone, 4-methyl-2-pentanone, 3-methyl-2-pentanone, 
3,3-dimethyl-2-butanone, 2-heptanone, and 2-octanone; cyclic ketones such as cyclopentanone, 3-methylcyclopen- 
tanone, cyclohexanone, 2-methyfcyclohexanone, 2,6-dimethylcyclohexanone, and isophorone; propylene glycol 
monoaikyl ether acetates such as propylene glycol monomethyl ether acetate, propylene glycol monoethyl ether ace- 



51 



BNSDOCID: <EP 13S8339A1_|_> 



EP 1 398 333 A1 



tate, propylene glycol mono-n-propyl ether acetate, propylene glycol mono-i«propyl ether acetate, propylene glycol 
mono-n-butyl ether acetate, propylene glycol mono-i-butyl ether acetate, propylene glycol mono-sec-butyl ether ace- 
tate, and propylene glycol mono-t-butyi ether acetate; alkyl 2-hydroxy propionates such as methyl 2-hydroxypropionate, 
ethyl 2-hydroxypropionate, n-propyl 2-hydroxypropionate, i-propyl 2-hydroxypropionate, n-butyl 2-hydroxypropionate, 
i-butyl 2-hydroxypropionate, sec-butyl 2-hydroxypropionate, and t-butyl 2-hydroxypropionate; alkyl 3-alkoxypropion- 
ates such as methyl 3-methoxypropionate, ethyl 3-methoxypropionate, methyl 3 -ethoxy propionate, and ethyl 3-ethox- 
ypropionate; as well as other solvents such as n-propyl alcohol, i-propyl alcohol, n-butyl alcohol, t-butyl alcohol, cy- 
clohexanol, ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, ethylene glycol mono-n-propyl ether, 
ethylene glycol mono-n butyl ether, diethylene glycol dimethyl ether, diethylene glycol diethyl ether, diethylene glycol 
di-n-propyl ether, diethylene glycol di-n-butyl ether, ethylene glycol monomethyl ether acetate, ethylene glycol monoe- 
thyl ether acetate, ethylene glycol mono-n-propyl ether acetate, propylene glycol monomethyl ether, propylene glycol 
monoethyl ether, propylene glycol mono-n-propyl ether, toluene, xylene, ethyl 2-hydroxy-2-methylpropionate, ethyl 
ethoxyacetate, ethyl hydroxyacetate, methyl 2-hydroxy-3-methylbutyrate, 3-methoxybutylacetate, 3-m ethyl -3-meth- 
oxybutylacetate, 3-methyl-3-methoxybutylpropionate, 3-methyl-3-methoxybutylbutyrate, ethyl acetate, n-propyl ace- 
tate, n-butyl acetate, methyl acetoacetate, ethyl acetoacetate, methyl pyruvate, ethyl pyruvate, N-methyl pyrrolidone, 
N.N-dimethylformamide, N,N-dimethylacetamide, benzyl ethyl ether, di-n-hexyl ether, diethylene glycol monomethyl 
ether, diethylene glycol monoethyl ether, caproic acid, caprylic acid, 1-octanol, 1-nonanol, benzyl alcohol, benzyl ac- 
etate, ethyl benzoate, diethyl oxalate, diethyl maleate, y-butyrolactone, ethylene carbonate, and propylene carbonate 
can be given. 

[0155] These solvents may be used either individually or in combination of two or more. Among these solvents, linear 
or branched ketones, cyclic ketones, propylene glycol monoalkyl ether acetates, alkyl 2-hydroxypropio nates, and alkyl 
3-alkoxypropionates are preferable. 

<Under layer film> 



[0156] The radiation sensitive resin composition of the present invention is particularly useful as a chemically am- 
plified resist. When forming a resist pattern using the radiation sensitive resin composition, an organic-type or inorganic- 
type under layer film may be previously formed on the substrate to suppress the effect of stationary waves due to 
radiation. 

30 [0157] As the polymer forming under layer film (hereinafter referred to as "under layer film polymer"), a polymer 
capable of efficiently suppressing the effect of stationary waves and possessing sufficient dry etching resistance is 
preferable. In particular, polymers having a carbon content of preferably 85 wt% or more, and more preferably 90 wt% 
or more, and containing an aromatic hydrocarbon structure in the molecule is preferable (such a polymer is hereinafter 
referred to as "under layer film polymer (P)"). 

35 [0158] As the under layer film polymer (P), polymers having the structural unit of the following formula polymers 
having the structural unit of the following formula (p2), polymers having the structural unit of the following formula (P3), 
polymers having the structural unit of the following formula (P4), and the like can be given. These polymers may be 
used either individually or in combinations of two or more. 
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wherein R 14 individually represents a monovalent atom or a monovalent group, e is an integer of 0 to 4, and R 15 is a 
hydrogen atom or a monovalent organic group. 

[0159] As examples of the monovalent atom or monovalent group represented by R 14 in the formulas (p1) to (|J4), 

a halogen atom, hydroxyl group, mercapto group, carboxyl group, nitro group, sulfonic acid group, phenyl group, alkyl 
so group, alkenyl group, amino group, and acyl group can be given, wherein one or more hydrogen atoms on the phenyl 

group, alkyl group, and alkenyl group may be replaced by one or more, same or different, substituents such as a 

halogen atom, hydroxyl group, mercapto group, carboxyl group, nitro group, and sulfonic acid group. 

[0160] As examples of the halogen atom, a fluorine atom, chlorine atom, and bromine atom can be given. 

[0161] As the alkyl group, alkyl groups having 1-10 carbon atoms are preferable. Particularly preferable examples 
55 are linear or branched alkyl groups having 1-6 carbon atoms, such as a methyl group, ethyl group, n-propyl group, i- 

propyl group, n -butyl group, i-butyl group, sec-butyl group, and t-butyi group. 

[0162] As the alkenyl group, alkenyl groups having 2-1 0 carbon atoms are preferable. Particularly preferable exam- 
ples are linear or branched alkenyl groups having 2-6 carbon atoms, such as a vinyl group, propenyl group, 1 -butenyl 
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group, and 2-butenyl group. 

[0163] As the amino group, primary amino groups are preferable. Particularly preferable examples are linear or 
branched primary amino groups having 1 -6 carbon atoms, such as an aminomethyl group, 2-aminoethyl group, 3-ami- 
nopropyl group, and 4-aminobutyl group. 
5 [0164] As the acyl group, acyl groups having 2-10 carbon atoms are preferable. Particularly preferable examples 
are aliphatic or aromatic acyl groups having 2-6 carbon atoms, such as an acetyl group, propionyl group, butyryl group, 
and benzoyl group. 

[0165] As examples of the monovalent organic group represented by R 15 , alkyl groups, alkenyl groups, alicyclic 
groups, aromatic hydrocarbon groups, and heterocyclic groups can be given. 
w [0166] As the alkyl groups, linear or branched alkyl groups having 1-6 carbon atoms, such as a methyl group, ethyl 
group, n-propyi group, i-propyl group, n-butyl group, i-butyl group, sec-butyl group, and t-butyl group are preferable. 
[0167] As the alkenyl groups, linear or branched alkenyl groups having 2-6 carbon atoms such as a vinyl group, 
propenyl group, 1 -butenyl group, and 2-butenyl group are preferable. 

[0168] As the alicyclic groups, alicyclic groups having 4-1 0 carbon atoms such as a cyclopentyl group and cyclohexyl 
is group are preferable. 

[0169] As the aromatic hydrocarbon groups, aromatic hydrocarbon groups having 6-12 carbon atoms such as a 
phenyl group, 1-naphthyl group, and 2-naphthyl group are preferable. 

[0170] As the heterocyclic groups, 4-1 0 member heterocyclic groups such as a 2-furanyl group, tetrahydro-2-furanyl 
group, furfuryl group, tetrahydrofurfuryl group, thiofurfuryl group, 2-pyranyl group, tetrahydro-2-pyranyl group, 2-pyra- 

20 nylmethyl group, and tetrahydro-2-pyranylmethyi group are preferable. 

[0171] Mw of the under layer film polymer (P) is usually 500-100,000, and preferably 5,000-50,000. 

[0172] The under layer film polymers ((3) may be used either individually or in combination of two or more. 

[01 73] When forming the under layer films using the under layer film polymer, a solution in which the under layer film 

polymer is dissolved in a solvent, optionally together with additives that are described later, is used. Such a solution 

25 is hereinafter referred to as "composition solution for forming under layer films." 

[01 74] Any solvent capable of dissolving the under layer film polymers and additives can be used without any specific 
limitation for the composition solution for forming under layer films. Examples of the solvents that can be used include: 
ethylene glycol monoalkyl ethers such as ethylene glycol monomethyJ ether, ethylene glycol monoethyl ether, ethylene 
glycol mono-n-propyl ether, and ethylene glycol mono-n-butyl ether; ethylene glycol monoalkyl ether acetates such as 

30 ethylene glycol monomethyl ether acetate, ethylene glycol monoethyl ether acetate, ethylene glycol mono-n-propyl 
ether acetate, and ethylene glycol mono-n-butyl ether acetate; diethylene glycol dialkyl ethers such as diethylene glycol 
dimethyl ether, diethylene glycol diethyl ether, diethylene glycol di-n-propyl ether, diethylene glycol di-n-butyl ether; 
propylene glycol monoalkyl ethers such as propylene glycol monomethyl ether, propylene glycol monoethyl ether, 
propylene glycol mono-n-propyl ether, and propylene glycol mono-n-butyl ether; propylene glycol dialkyl ethers such 

35 as propylene glycol dimethyl ether, propylene glycol diethyl ether, propylene glycol di-n-propyl ether, and propylene 
glycol di-n-butyl ether; propylene glycol monoalkyl ether acetates such as propylene glycol monomethyl ether acetate, 
propylene glycol monoethyl ether acetate, propylene glycol mono-n-propyl ether acetate, and propylene glycol mono- 
n-butyl ether acetate; lactic acid esters such as methyl lactate, ethyl lactate, n-propyl lactate, i-propyl lactate, n-butyl 
lactate, and i-butyl lactate; aliphatic carboxylic acid esters such as methyl formate, ethyl formate, n-propyl formate, i- 

40 propyl formate, n-butyl formate, i-butyl formate, n-amyl formate, i-amyl formate, methyl acetate, ethyl acetate, n-propyl 
acetate, i-propyl acetate, n-butyl acetate, i-butyl acetate, n-amyl acetate : i-amyl acetate, n-hexyl acetate, methyl pro- 
pionate, ethyl propionate, n-propyl propionate, i-propyl propionate, n-butyl propionate, i-butyl propionate, methyl bu- 
tyrate, ethyl butyrate, n-propyl butyrate, i-propyl butyrate, n-butyl butyrate, and i-butyl butyrate; other esters such as 
ethyl hydroxyacetate, ethyl 2-hydroxy-2-methylpropionate, methyl 3-methoxy-2-methylpropionate, methyl 2-hydroxy- 

45 3-methylbutyrate, ethyl methoxyacetate, ethyl ethoxyacetate, methyl 3-methoxypropionate, ethyl 3-methoxypropion- 
ate, methyl 3-ethoxypropionate, ethyl 3-ethoxypropionate, butyl 3-methoxyacetate, butyl 3-methyt-3-methoxyacetate, 
butyl 3-methyl-3-methoxypropionate, butyl 3-methyl-3-methoxybutyrate, methyl acetoacetate, methyl pyruvate, and 
ethyl pyruvate: aromatic hydrocarbons such as toluene and xylene; ketones such as methyl ethyl ketone, 2-pentanone, 

2- hexanone, 2-heptanone, 3-heptanone, 4-heptanone, and cyclohexanone; amides such as N-methylformamide, N, 
so N-dimethylformamide, N -methyl acetamide, N,N-dimethyl acetamide, and N-methylpyrrolidone; and lactones such as 

y-butyro lactone. 

[01 75] Of these solvents, ethylene glycol monoethyl ether acetates, ethyl lactate s methyl 3-methoxypropionate, ethyl 

3- ethoxypropionate, 2-heptanone K cyclohexanone, and the like are preferable. 

[0176] These solvents may be used either individually or in combination of two or more. 
55 [0177] The solvent is used in the composition solution for forming the under layer films in an amount to make the 
total solid content in the solution usually 0.01-70 wt%, preferably 0.05-60 wt%, and more preferably 0.1-50 wt%. 
[0178] Various additives such as crosslinking agents, polymers other than the under layer film polymers, radiation 
absorbents, surfactants, acid generators, preservatives, anti-foaming agents, and adhesion adjuvants can be added 
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to the composition solution for forming under layer films as required. 

[0179] The composition solution for forming under layer films is usually filtered through a filter with a pore size of 
about 0.1 urn before using for forming under layer films. 

5 <Formation of resist pattern> 

[0180] As the method for forming a resist pattern using the radiation sensitive resin composition of the present in- 
vention, a method comprising: 1) a step of optionally forming an under layer film by applying the composition solution 
for forming an under layer film to a substrate and heating the applied composition, 2) a step of forming a resist film by 
10 applying the radiation sensitive resin composition to a substrate or to the under layer film, and prebaking the resulting 
coating, 3) a step of selectively exposing the resist film with radiation through a mask, 4) a step of forming a resist 
pattern by developing the exposed resist film, and optionally 5) a step of etching the under layer film by masking the 
resist pattern can be given. 

[0181] In the method of forming a resist pattern using the radiation sensitive resin composition of the present inven- 
ts tion, an acid-dissociable group in the polysiloxane (A) dissociates by the action of an acid generated from the acid 

generator (B) upon exposure, whereby the exposed area of the resist film becomes soluble in alkali. As a result, the 

exposed area is dissolved in an alkaline developer and removed to obtain a positive-tone resist pattern. 

[0182] There is no specific limitation to the substrate used for forming a resist pattern. Inorganic substrates such as 

a silicon-lype oxide film and interlayer dielectric film can be given as examples. 
20 [0183] When forming an under layer film on the substrate, after applying the composition solution for forming under 

layer films onto the substrate by an appropriate means such as rotation coating, cast coating, or roll coating, for example, 

the resulting coating is baked to volatilize the solvent, thereby forming the under layer film. 

[0184] The baking temperature is usually from 90 to 500°C, and preferably from 200 to 450°C. 

[0185] The thickness of the under layer film is usually 10-10, 000 nm, and preferably 50-1 ,000 nm. 
25 [0186] Next, the solution of the radiation sensitive resin composition is applied onto the substrate or the under layer 

film using an appropriate means such as rotation coating, cast coating, or roll coating, for example, to a thickness that 

may produce a resist film with a prescribed thickness, and the resulting coating is prebaked (hereinafter referred to as 

"PB") and the solvent is volatilized to obtaining the target resist film. 

[0187] In this instance, a PB temperature is appropriately adjusted according to the radiation sensitive resin compo- 
30 sition used and the like usually in the range of 30-200°C, and preferably of 50-1 60°C. 

[0188] The thickness of the resist film is usually 10-10,000 nm, preferably 50-1, 000 nm, and particularly preferably 
70-300 nm. 

[0189] Then, the resist film is selectively exposed to radiation through a mask. 

[01 90] As radiation used for exposure, visible rays, ultraviolet rays, deep ultraviolet rays, X-rays, electron beams, y- 
35 rays, molecular beams, ion beams, or the like are appropriately selected depending on the radiation sensitive resin 
composition used. It is particularly preferable to use deep ultraviolet rays such as a KrF excimer laser (wavelength: 
248 nm) , ArF excimer laser (wavelength: 193 nm) , F 2 excimer laser (wavelength: 157 nm), and extreme ultraviolet 
rays (EUV) or electron beams. The ArF excimer laser and F 2 excimer laser are ideal deep ultraviolet rays. 
[0191] In this step, the resist film is preferably heated after exposure (hereinafter referred to as M PEB") to ensure a 
40 smooth dissociation reaction of the acid-dissociable protective groups. The PEB temperature is usually 30-200°C, and 
preferably 50-1 70°C, although the heating conditions are changed depending on the composition of the radiation sen- 
sitive resin composition. 

[0192] A protective film may be provided on the resist film in order to prevent an adverse effect of basic impurities 
and the like that are present in the environmental atmosphere using a method described in, for example, Japanese 
45 Patent Application Laid-open No. 1 88598/1 993. 

[0193] Next, the resist film after exposure is developed to form a resist pattern. 

[0194] As examples of the developer used for development, alkaline aqueous solutions prepared by dissolving al- 
kaline compounds such as sodium hydroxide, potassium hydroxide, sodium carbonate, sodium silicate, sodium meta- 
silicate, aqueous ammonia, ethylamine, n-propylamine, diethylamine ; di-n-propylamine, triethylamine, methyldiethyl- 
50 amine, dimethylethanolamine, triethanolamine, tetramethylammonium hydroxide, tetraethylammonium hydroxide, pyr- 
role, piperidine, choline, 1 ,8-diazabicyclo-[5.4.0]-7-undecene t and 1 ,5-diazabicyclo-[4.3.0]-5-nonene can given. 
[01 95] The concentration of the alkaline aqueous solution is usually 10 wt% or less. If the concentration of the alkaline 
aqueous solution exceeds 1 0 wt%, an unexposed part may be dissolved in the developer. 

[0196] An appropriate amount of a water-soluble organic solvent such as alcohols including methanol and ethanol 
55 or a surfactant can be added to these alkaline aqueous solutions. 

[0197] The resist film is then washed with water and dried to obtain a desired resist pattern. 

[0198] Organic solvents or the like may be added to the developer containing an alkaline aqueous solution. 

[0199] As examples of organic solvents, ketones such as acetone. 2-butanone, 4-methyl-2-pentanone, cyclopen- 
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tanone, cyclohexanone, 3-methylcyclopentanone, and 2,6-dimethylcyclohexanone; alcohols such as methylalcohol, 
ethylalcohol, n-propylalcohol, i-propylalcohol, n-bulylalcohol, t-butyl alcohol, cyclopentanol, cyclohexanol, 1,4-hexan- 
ediol, and 1,4-hexanedimethylol; ethers such as tetrahydrofuran and dioxane; esters such as ethyl acetate, n-butyl 
acetate, and i-amyl acetate; aromatic hydrocarbons such as toluene and xylene; phenol, acetonylacetone, dimethyl- 
s formamide; and the like can be given. 

[0200] These organic solvents may be used either individually or in combination of two or more. 
[0201] The amount of the organic solvent to be used is preferably 1 00 vol% or less of the alkaline aqueous solution. 
The amount of the organic solvent exceeding 100 vol% may decrease developability, giving rise to a larger undeveloped 
portion in the exposed area. 

w [0202] In addition, surfactants or the like may be added to the developer containing the alkaline aqueous solution in 
an appropriate amount. 

[0203] After development using the alkaline aqueous solution developer, the resist film is generally washed with 
water and dried. 

[0204] Thereafter, if required, the under layer film is etched using the obtained resist pattern as a mask and gas 
'5 plasma such as fluorine plasma, chlorine plasma, or bromine plasma to obtain a desired pattern. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0205] Figure 1 is a drawing showing an example of a polysiioxane transmittance curve in a wavelength range of 
20 200-130 nm. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0206] The present invention is described below in more detail by examples. However, these examples should not 
25 be construed as limiting the present invention. 

[0207] Measurement and evaluation in the examples and comparative examples were carried out according to the 
following procedures. 

Mw: 

30 

[0208] Mw was measured by gel permeation chromatography (GPC) using GPC columns (manufactured by Tosoh 
Corp., G2000HXL x 2, G3000HXL x 1 , G4000HXL x 1 ) under the following conditions. Flow rate: 1 .0 ml/minute, eluate: 
tetrahydrofuran, column temperature: 40°C, standard reference material: monodispersed polystyrene 

35 Radiation transmittance: 

[0209] Polysiioxane was dissolved in 2-heptanone to prepare a resin solution with a solid content of 5%. The resin 
solution was applied onto a magnesium fluoride substrate by spin coating and heated for 90 seconds on a hot plate 
maintai ned at 1 1 0°C or 1 40°C to form a film with a thickness of 1 ,000 A. The radiation transmittance of the film calculated 
40 from the absorbance at a wavelength of 157 nm was used as a standard of transparency in a deep ultraviolet region. 

Synthesis Example 1 

[0210] A four-necked flask equipped with a stirrer, a reflux condenser, a dropping funnel, and a thermometer was 
« charged with 23.6 g of metal magnesium and 500 ml of tetrahydrofuran. 1 0 g of pentafluorobenzene was added drop- 
wise over five minutes while stirring the mixture in a dry nitrogen stream. When the temperature of the reaction solution 
reached 40°C, dropwise addition of a mixture of 1 90 g of pentafluorobenzene and 506 g of tetraethoxysilane was 
started. The addition was continued while maintaining the temperature of the reaction solution at 50-60°C. After the 
addition, the reaction solution was allowed to cool to room temperature and stirred over night at room temperature. 
so The reaction mixture containing a deposited salt was diluted with n-hexane and filtered through celrte by suction. The 
solvent was removed from the filtrate by evaporation under reduced pressure to obtain a crude product. The crude 
product was purified by distillation under reduced pressure at 3 mmHg and 92°C to obtain 68 g of a compound. 
[0211] NMR spectrum (chemical shift o) and IR spectrum were measured to identify the compound to be pentafluor- 
ophenyltriethoxysilane. 

55 

o : 3.8 ppm (ethoxy group), 1 .2 ppm (ethoxy group) 

IR: 2980 cm' 1 (ethoxy group), 2898 cnr 1 (ethoxy group), 1643 cm" 1 (pentafluorophenyl group), 1518 cm' 1 (C-F 
bond), 1467 cnr 1 (C-F bond) , 1168 cm* 1 (siloxane group), 1093 cnr 1 (siloxane group) 
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Synthesis Example 2 

[021 2J A four-necked flask equipped with a stirrer, a reflux condenser, a dropping funnel, and a thermometer was 
charged with 7.5 g of metal magnesium and 1 00 ml of tetrahydrofuran. A mixture of 50 g of 1 -bromo-3,5-difluorobenzene 
and 77.2 g of chlorotriethoxysilane was added dropwise while stirring the reaction solution in a dry nitrogen stream 
and maintaining the temperature at 50-60°C. After the addition, the reaction solution was allowed to cool to room 
temperature and stirred over night at room temperature. The reaction mixture containing a deposited salt was diluted 
with n-hexane and filtered through celite by suction. The solvent was removed from the filtrate by evaporation under 
reduced pressure to obtain a crude product. The crude product was purified by distillation under reduced pressure at 
20 mmHg and 125°C to obtain 21 g of a compound. 

[0213] NMR spectrum (chemical shift o) and IR spectrum were measured to identify the compound to be 3,5-difluor- 
ophenyltriethoxysilane. 

o : 7.1 ppm (o-position of phenyl group), 6.8 ppm (p-position of phenyl group), 3.8 ppm (ethoxy group), 1 .2 ppm 
(ethoxy group) 

IR: 2978 cm- 1 (ethoxy group), 2897 cm* 1 (ethoxy group), 1614 cm- 1 (aromatic group), 1585 cm* 1 (C-F bond) , 1412 
cm" 1 (C-F bond), 1168 cnr 1 (Si-O bond), 1084 cnr 1 (Si-0 bond) 

Synthesis Example 3 

[0214] A four-necked flask equipped with a stirrer, a reflux condenser, a dropping funnel, and a thermometer was 
charged with 3.0 g of metal magnesium and 1 00 ml of tetrahydrofuran. A mixture of 20 g of 1 -bromo-2,6-difluorobenzene 
and 31.0 g of chlorotriethoxyethoxysilane was added dropwise while stirring the reaction solution in a dry nitrogen 
stream and maintaining the temperature at 50-60°C. After the addition, the reaction solution was allowed to cool to 
room temperature and stirred over night at room temperature. The reaction mixture containing a deposited salt was 
diluted with n-hexane and filtered through celite by suction. The solvent was removed from the filtrate by evaporation 
under reduced pressure to obtain a crude product. The crude product was purified by distillation under reduced pressure 
at 1 7 mmHg and 127°C to obtain 14.6 g of a compound. 

[0215] NMR spectrum (chemical shift o) and IR spectrum were measured to identify the compound to be 2,6-difluor- 
ophenyltriethoxysilane. 

a : 7.1 ppm (p-position of phenyl group), 6.8 ppm (m-position of phenyl group), 3.8 ppm (ethoxy group), 1 .2 ppm 
(ethoxy group) 

IR: 2978 cm- 1 (ethoxy group), 2895 cm* 1 (ethoxy group), 1614 cm' 1 (aromatic group), 1579 cm* 1 (C-F bond) , 1448 
cm* 1 (C-Fbond), 1168 cm* 1 (Si-0 bond), 1103 cm* 1 (Si-0 bond) 

Synthesis Example 4 

[0216] A four-necked flask equipped with a stirrer, a reflux condenser, a dropping funnel, and a thermometer was 
charged with 2.1 g of metal magnesium and 70 ml of tetrahydrofuran. Amixture of 15 g of 1-bromo-2,4,6-trifiuoroben- 
zene and 21 .1 g of chlorotriethoxyethoxysilane was added dropwise while stirring the reaction solution in a dry nitrogen 
stream and maintaining the temperature at 50-60°C. After the addition, the reaction solution was allowed to cool to 
room temperature and stirred over night at room temperature. The reaction mixture containing a deposited salt was 
diluted with n-hexane and filtered through celite by suction. The solvent was removed from the filtrate by evaporation 
under reduced pressure to obtain a crude product. The crude product was purified by distillation under reduced pressure 
at 15 mmHg and 117°C to obtain 12.7 g of a compound. 

[0217] NMR spectrum (chemical shift a) and IR spectrum were measured to identify the compound to be 2,4,6-trif- 
luorophenyltriethoxysilane. 

o : 6.6ppm (m-position of phenyl group), 3.8 ppm (ethoxy group), 1 .2 ppm (ethoxy group) 

IR: 2980 cm* 1 (ethoxy group) , 2897 cnr 1 (ethoxy group), 1 631 cm* 1 (aromatic group), 1 604 cm* 1 (aromatic group), 
1589 cm* 1 (aromatic group), 1417 cm* 1 (C-F bond) ,1167 cm" 1 (Si-O bond), 1103 cm* 1 (Si-0 bond) 

Synthesis Example 5 

[0218] A four-necked flask equipped with a stirrer, a reflux condenser, a dropping funnel, and a thermometer was 
charged with 4.9 g of metal magnesium and 200 ml of tetrahydrofuran. A mixture of 50 g of 1 -bromo-3,5-bis(trifluor- 
omethyl)benzene and 51 .0 g of chlorotriethoxyethoxysilane was added dropwise while stirring the reaction solution in 
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a dry nitrogen stream and maintaining the temperature at 50-60°C. After the addition, the reaction solution was allowed 
to cool to room temperature and stirred over night at room temperature. The reaction mixture containing a deposited 
salt was diluted with n-hexane and filtered through celite by suction. The solvent was removed from the filtrate by 
evaporation under reduced pressure to obtain a crude product. The crude product was purified by distillation under 
5 reduced pressure at 1 5 mmHg and 1 06°C to obtain 38.0 g of a compound. 

[0219] NMR spectrum (chemical shift o) and IR spectrum were measured to identify the compound to be 3,5-bis 
(trifluoromethyl)phenyltriethoxysilane. 

a : 8.1 ppm (o-position of phenyl group), 7.8 ppm (p-position of phenyl group), 3.8 ppm (ethoxy group), 1 .2 ppm 
*o (ethoxy group) 

IR: 2982 cm- 1 (ethoxy group) , 2897 crrr 1 (ethoxy group), 1601 cm" 1 (aromatic group), 1280 cm' 1 (C-Fbond), 1169 
cm* 1 (Si-0 bond), 1 099 crrr 1 (Si-0 bond) 

Synthesis Example 6 

is 

[0220] A four-necked flask equipped with a stirrer, a reflux condenser, a dropping funnel, and a thermometer was 
charged with 6.4 g of metal magnesium and 200 ml of tetrahydrofuran. A mixture of 50 g of 1-bromo-4-(trifiuoromethyi) 
benzene and 66.1 g of chlorotriethoxyethoxysilane was added dropwise while stirring the reaction solution in a dry 
nilrogen stream and maintaining the temperature at 50-60°C. After the addition, the reaction solution was allowed to 
20 cool to room temperature and stirred over night at room temperature. The reaction mixture containing a deposited salt 
was diluted with n-hexane and filtered through celite by suction. The solvent was removed from the filtrate by evapo- 
ration under reduced pressure to obtain a crude product. The crude product was purified by distillation under reduced 
pressure at 1 7 mmHg and 1 1 4°C to obtain 47.4 g of a compound. 

[0221] NMR spectrum (chemical shift o) and IR spectrum were measured to identify the compound to be 4-(trifluor- 
2s omethyl)phenyltriethoxysilane. 

o : 7.7 ppm (o- and m-position of phenyl group) , 3. 8 ppm (ethoxy group), 1 .2 ppm (ethoxy group) 
IR: 2978cm- 1 (ethoxy group), 2893 cm" 1 (ethoxy group), 1392 cm" 1 (C-Fbond) , 1327 cm" 1 (C-Fbond), 1168cm- 1 
(Si-Obond), 1082 cm' 1 (Si-O bond) 

30 

Synthesis Example 7 

[0222] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 76.0 
g of triethoxysilane and 1 00 g of 8-t-butoxycarbonyltetracycto[4.4.0.1 2 - 5 .1 7 . 10 ]dodec-3-ene. The mixture was stirred at 

35 room temperature and 5.0 ml of a 0.2 mol chloroplatinic acid (H 2 PtCI 6 ) solution in i-propyl alcohol was added to initiate 
the reaction. The reaction was continued for 75 hours at 150°C while refluxing. The reaction mixture was allowed to 
cool to room temperature, diluted with n-hexane, and filtered through celite by suction. The solvent was removed from 
the filtrate by evaporation under reduced pressure to obtain a crude product. The residue was purified by silica gel 
column chromatography to obtain 53 g of a reaction product as a n-hexane fraction. 

to [0223] As shown by the following results of NMR spectrum (chemical shift a) and IR spectrum measurement, this 
reaction product was identified to be a compound (A) shown by the following formula (A). 

o : 3.8 ppm (ethoxy group), 1 .2 ppm (ethoxy group), 1 .4 ppm (t-butyl group) 

IR: 2885 cm' 1 (ethoxy group) , 1726 cm' 1 (ester group) ,1153 cm" 1 (siloxane group), 1080 cm' 1 (siloxane group) 



50 
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Si(OC 2 H 5 )3 



(A) 



COOC(CH 3 ) 3 



wherein the silicon atom bonds to the 3-position or4-position of the tetracyclo[4.4.0.1 2 ' 5 .1 7 > 10 ]dodecane ring. 
Synthesis Example 8 

[0224] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 38.8 
g of triethoxysilane and 43.2 g of 5-[2-hydroxy-2,2-bis(trifluoromethyl)ethyl]bicyclo[2.2.1]-hept-2-ene. The mixture was 
stirred at room temperature and 0.1 ml of a 0.2 mol chloroplatinic acid (H 2 PtCI 6 ) solution in i-propyl alcohol was added 
to initiate the reaction. The reaction was continued for 30 hours at 100°C while refluxing. The reaction mixture was 
allowed to cool to room temperature, diluted with n-hexane, and filtered through celite by suction. The solvent was 
removed from the filtrate by evaporation under reduced pressure to obtain a crude product. The crude product was 
purified by distillation under reduced pressure at 3 mmHg and a temperature of 105°C to obtain 5g. 8 g of a reaction 
product. 

[0225] As shown by the following results of NMR spectrum (chemical shift o) and IR spectrum measurement, this 
reaction product was identified to be a compound (B) shown by the following formula (B). 

a : 3.8 ppm (ethoxy group), 1 .2 ppm (ethoxy group) 

IR: 3400 cm' 1 (hydroxyl group), 2878 cnr 1 (methoxy group), 1215 cm* 1 (C-F bond), 1082 cm' 1 (siloxane group) 



wherein the silicon atom bonds to the 2-position or 3-position of the bicyclo[2.2.1]heptane ring. 
Example 1 (Synthesis of polysiloxane (1)) 

[0226] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 0.87 
g of the compound (A), 1 .79 g of the compound (B), 1 .35 g of pentafluorophenyltriethoxysilane obtained in Synthesis 
Example 1 , 2 g of 4-methyl-2-pentanone, and 0.75 g of a 1 .75 wt% aqueous solution of oxalic acid. The mixture was 
reacted for six hours at 80°C while stirring. The reaction was terminated by cooling the flask with ice. The reaction 
mixture was poured into a separating funnel to remove the water layer. The organic layer was repeatedly washed with 
ion-exchanged water until the reaction solution became neutral. The solvent was evaporated under reduced pressure 




Si(OC2H 5 ) 3 



cf 3 
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from the organic layer to obtain 2.6 g of a polymer. 

[0227] NMR spectrum (chemical shift a), IR spectrum, and Mw of the polymer were measured. The results were as 
follows. 

o : 2.3 ppm (CH 2 C(CF 3 ) 2 group), 1 .4 ppm (t-butyl group) 

IR: 1703 cnrr* (ester group), 1641 crrr 1 (phenyl group), 1473 cnv< (C-Fbond), 1296cm* 1 (C-Fbond) , 1215cm' 1 

(C-F bond), 1 095 cnr 1 (siloxane group) 
Mw: 2,300 

Example 2 (Synthesis of polysiloxane (1)) 

[0228] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 0.92 
g of the compound (A), 1 .89 g of the compound (B), 1 .1 9 g of 3,5-difluorophenyltriethoxysiIane obtained in Synthesis 
Example 2, 2 g of 4-methyl-2-pentanone, and 0.79 g of a 1 .75 wt% aqueous solution of oxalic acid. The mixture was 
reacted for six hours at 80°C while stirring. The reaction was terminated by cooling the flask with ice. The reaction 
mixture was poured into a separating funnel to remove the water layer. The organic layer was washed with ion-ex- 
changed water until the reaction solution became neutral. The solvent was evaporated under reduced pressure from 
the organic layer to obtain 2.4 g of a polymer. 

[0229] NMR spectrum (chemical shift o), IR spectrum, and Mw of the polymer were measured. The results were as 
follows. 

o : 7.2-6.8 ppm (aromatic group), 2.3 ppm (CH 2 C(CF 3 ) 2 group), 1 .4 ppm (t-butyl group) 

IR: 1699 cm- 1 (ester group), 1587 crrr 1 (phenyl group), 1413 cnr 1 (C-F bond), 1294 cm' 1 (C-F bond), 1215 cnr 1 

(C-F bond), 1122 cm' 1 (siloxane group) 
Mw: 2,700 

Example 3 (Synthesis of polysiloxane (1)) 

[0230] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 0.92 
g of the compound (A), 1 .89 g of the compound (B), 1 .1 9 g of 2,6-difluorophenyl triethoxysilane obtained in Synthesis 
Example 3, 2 g of 4-methyl-2-pentanone, and 0.79 g of a 1 .75 wt% aqueous solution of oxalic acid. The mixture was 
reacted for six hours at 80°C while stirring. The reaction was terminated by cooling the flask with ice. The reaction 
mixture was poured into a separating funnel to remove the water layer. The organic layer was washed with ion-ex- 
changed water until the reaction solution became neutral. The solvent was evaporated under reduced pressure from 
the organic layer to obtain 2.6 g of a polymer. 

[0231] NMR spectrum (chemical shift a), IR spectrum, and Mw of the polymer were measured. The results were as 
follows. 

o : 7.5-6.7 ppm (aromatic group), 2.3 ppm (CH2C(CF 3 ) 2 group), 1 .4 ppm (t-butyl group) 

IR: 1699 cm- 1 (ester group), 1618 cm' 1 (phenyl group), 1452 cnr 1 (C-F bond), 1263 cnr 1 (C-F bond), 1215 cm" 1 

(C-F bond) ,1126 cm -1 (siloxane group) 
Mw: 2,300 

Example 4 (Synthesis of polysiloxane copolymer (1)) 

[0232] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 0.90 
g of the compound (A), 1 .86 g of the compound (B), 1 . 1 9 g of 2,4,6-trifluorophenyl triethoxysilane obtained in Synthesis 
Example 4, 2 g of 4-methyl-2-pentanone, and 0.78 g of a 1 .75 wt% aqueous solution of oxalic acid. The mixture was 
reacted for six hours at 80°C while stirring. The reaction was terminated by cooling the flask with ice. The reaction 
mixture was poured into a separating funnel to remove the water layer. The organic layer was washed with ion-ex- 
changed water until the reaction solution became neutral. The solvent was evaporated under reduced pressure from 
the organic layer to obtain 2.5 g of a polymer. 

[0233] NMR spectrum (chemical shift o), IR spectrum, and Mw of the polymer were measured. The results were as 
follows. 

o : 8.2-7.8 ppm (aromatic group) , 2.3 ppm (CH 2 C(CF 3 ) 2 group), 1 .4 ppm (t-butyl group) 

IR: 1701 cm- 1 (ester group), 1633 cnrv 1 (phenyl group), 1589 cnr 1 (phenyl group), 1421 crrr 1 (C-F bond), 1215 
cm- 1 (C-F bond) ,1113 cm- 1 (siloxane group) 
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Mw: 2,600 

Example 5 (Synthesis of polysiloxane copolymer (1)) 

5 [0234J A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 0.83 
g of the compound (A), 1 .71 g of the compound (B), 1.47 g of 3,5-bis(trifluoromethyl)phenyl triethoxysilane obtained 
in Synthesis Example 3, 2 g of 4-methyl-2-pentanone, and 0.71 g of a 1 .75 wt% aqueous solution of oxalic acid. The 
mixture was reacted for six hours at 80°C while stirring. The reaction was terminated by cooling the flask with ice. The 
reaction mixture was poured into a separating funnel to remove the water layer. The organic layer was washed with 

10 ion-exchanged water until the reaction solution became neutral. The solvent was evaporated under reduced pressure 
from the organic layer to obtain 2.3 g of a polymer. 

[0235] NMR spectrum (chemical shift a), IR spectrum, and Mw of the polymer were measured. The results were as 
follows. 

'5 o : 8.2-7.8 ppm (aromatic group), 2.3 ppm (CH 2 C(CF 3 ) 2 group), 1 .4 ppm (t-butyl group) 

IR: 1703 cm- 1 (ester group), 1614 cm-"" (phenyl group), 1369 cnrr 1 (C-F bond) , 1282 cm" 1 (C-F bond) , 1215 cm" 1 

(C-Fbond), 1138 cm" 1 (siloxane group) 
Mw: 2,400 

20 Example 6 (Synthesis of polysiloxane (1 )) 

[0236] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 0.89 
g of the compound (A), 1.83 g of the compound (B) ; 1.47 g of 4-(trifluoromethyl)phenyltriethoxysilane obtained in 
Synthesis Example 2, 2 g of 4-methyl-2-pentanone, and 0.76 g of a 1.75 wt% aqueous solution of oxalic acid. The 
25 mixture was reacted for six hours at 80°C while stirring. The reaction was terminated by cooling the flask with ice. The 
reaction mixture was poured into a separating funnel to remove the water layer. The organic layer was washed with 
ion-exchanged water until the reaction solution became neutral. The solvent was evaporated under reduced pressure 
from the organic layer to obtain 2.5 g of a polymer. 

[0237] NMR spectrum (chemical shift a), IR spectrum, and Mw of the polymer were measured. The results were as 
30 follows. 

a : 8.0-7.6 ppm (aromatic group), 2.3 ppm (CH 2 C(CF 3 ) 2 group), 1 .4 ppm (t-butyl group) 

IR: 1701 cm" 1 (ester group) , 1327 cm" 1 (C-F bond) , 1215 cnrr 1 (C-F bond), 1134 cnr 1 (siloxane group) 

Mw: 2,400 

35 

Comparative Example 1 (Synthesis of comparative polysiloxane) 

[0238] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 40 g 
of 2-t-butoxycarbonylethyltrimethoxysilane, 120 g of 4-methyl-2-pentanone, 8.6 g of distilled water, and 4 g of triethyl- 

^0 amine. The mixture was reacted for two hours at 62°C while stirring. The flask was cooled with ice and a solution of 
3.5 g of oxalic acid in 50 ml of ion-exchanged water was added, followed by continued stirring. The reaction mixture 
was poured into a separating funnel to remove the water layer. The organic layer was washed with 100 ml ion-ex- 
changed water. Washing was repeated until the reaction solution became neutral. The solvent was evaporated under 
reduced pressure from the organic layer to obtain 21 .2 g of a polymer. 

45 [0239] NMR spectrum (chemical shift o), IR spectrum, and Mw of the polymer were measured. The results were as 
follows. 

o : 2.4-2.0 ppm (a-methylene group), 1 .4 ppm (t-butyl group), 1 .3-0.9 ppm (p-methylene group) 
IR: 1 730 cm" 1 (ester group), 1149 cm" 1 (siloxane group) 
50 Mw: 19,500 

Evaluation Example 1 (Evaluation of radiation transmittance) 

[0240] The transmittance of the polysiloxanes obtained in Examples 1 -6 and Comparative Example 1 at wavelengths 
55 of 200-130 nm was measured using a film with a thickness of 1 ,000A. The transmittances at 1 57 nm, 1 47 nm, and 1 34 
nm are shown in Table 1 . 
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Table 1 



Polysiloxane 


Radiation transmittance (%) 


157 nm 


147 nm 


134 nm 


Example 1 


57.0 


41.4 


14.9 


Example 2 


45.7 


31.3 


8.9 


Example 3 


36.5 


24.3 


6.4 


Example 4 


41.6 


31.4 


9.6 


Example 5 


60.8 


43.2 


16.0 


Example 6 


47.2 


31.4 


9.9 


Comparative Example 1 


24.4 


15.3 


6.1 



[0241] As clear from Table 1, the polysiloxanes (1) of the present invention exhibit higher transparency than the 
comparative polysiloxane at a wavelength of 157 nm. The superior feature is particularly outstanding in the polysi- 
loxanes (1) obtained in Example 1 and Example 5. As clear from Table 1 , the polysiloxanes (1) of the present invention 

20 exhibit higher transparency than the comparative polysiloxane at wavelengths of 147 nm and 134 nm. This superior 
feature is outstanding particularly in the polysiloxanes (1) obtained in Example 1 and Example 5. 
[0242] More interestingly, the polysiloxanes (1) of the present invention exhibit higher transparency than the com- 
parative polysiloxane not only at a wavelength of 157 nm, but also in the entire wavelength region of 160-130 nm. This 
indicates that the polysiloxane (1) of the present invention is promising as a lithographic material using radiation with 

25 a short wavelength . Transmittance curves in a wavelength region of 200-1 30 nm for polysiloxanes obtained in Example 
1, Example 5, and Comparative Example 1 are shown in Figure 1. 

Example 7 (Synthesis of polysiloxane (1)) 

30 [0243] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 0.82 
g of the compound (A), 2.54 g of the compound (B), 0.64 g of pentafluorophenyltriethoxysilane obtained in Synthesis 
Example 1 , 4 g of 4-methyl-2-pentanone, and 0.71 g of a 1 .75 wt% aqueous solution of oxalic acid. The mixture was 
reacted for six hours at 80°C while stirring. The reaction was terminated by cooling the flask with ice. The reaction 
mixture was poured into a separating funnel to remove the water layer. The organic layer was washed with ion-ex- 

35 changed water until the reaction solution becomes neutral. The solvent was evaporated under reduced pressure from 
the organic layer to obtain 2.6 g of a polymer. 
[0244] Mw of the polymer was measured and found to be 1 ,400. 

Example 8 (Synthesis of polysiloxane (1)) 

40 

[0245] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 0.84 
g of the compound (A), 2.17 g of the compound (B), 0.98 g of pentafluorophenyltriethoxysilane obtained in Synthesis 
Example 1 , 4 g of 4-methyl-2-pentanone, and 0.73 g of a 1 .75 wt% aqueous solution of oxalic acid. The mixture was 
reacted for six hours at 80°C while stirring. The reaction was terminated by cooling the flask with ice. The reaction 
45 mixture was poured into a separating funnel to remove the water layer. The organic layer was washed with ion-ex- 
changed water until the reaction solution becomes neutral. The solvent was evaporated under reduced pressure from 
the organic layer to obtain 2.6 g of a polymer. 
[0246] Mw of the polymer was measured and found to be 1 ,600. 

so Example 9 (Synthesis of polysiloxane (1)) 

[0247] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 0.89 
g of the compound (A), 1 .38 g of the compound (B), 1 .73 g of pentafluorophenyltriethoxysilane obtained in Synthesis 
Example 1 , 4 g of 4-methyl-2-pentanone, and 0.77 g of a 1 .75 wt% aqueous solution of oxalic acid. The mixture was 
55 reacted for six hours at 80°C while stirring. The reaction was terminated by cooling the flask with ice. The reaction 
mixture was poured into a separating funnel to remove the water layer. The organic layer was washed with ion-ex- 
changed water until the reaction solution becomes neutral. The solvent was evaporated under reduced pressure from 
the organic layer to obtain 2.4 g of a polymer 
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[0248] Mw of the polymer was measured and found to be 2,500. 
Example 10 (Synthesis of polysiioxane (1)) 

[0249] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 2.05 
g of the compound (A), 6.35 g of the compound (B), 1 .60 g of pentafluorophenyltriethoxysilane obtained in Synthesis 
Example 1 , 1 0 g of 4-methyl-2-pentanone, and 1 .77 g of a 1 .75 wt% aqueous solution of oxalic acid. The mixture was 
reacted for six hours at 80°C while stirring. The reaction was terminated by cooling the flask with ice. The reaction 
mixture was poured into a separating funnel to remove the water layer. The organic layer was washed with ion-ex- 
changed water until the reaction solution becomes neutral. The solvent was evaporated under reduced pressure from 
the organic layer to obtain about 7.2 g of a polymer. Mw of the polymer was measured and found to be 1 ,600. 
[0250] The polymer was dissolved in 1 8 g of 4-methyl-2-pentanone. After the addition of 2.61 g of distilled water and 
3.66 g of triethylamine, the mixture was heated to 40°C in a nitrogen stream. After two hours, the mixture was cooled 
with ice and stirred, then a solution of 3.0 g of oxalic acid in 100 g of distilled water was added, and stirring was 
continued. The reaction mixture was poured into a separating funnel to remove the water layer. The organic layer was 
repeatedly washed with ion-exchanged water until the reaction solution becomes neutral. The solvent was evaporated 
under reduced pressure from the organic layer to obtain 5.8 g of a polymer. 
[0251] Mw of the polymer was measured and found to be 2,300. 

Example 11 (Synthesis of polysiioxane (1)) 

[0252] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 2.11 
g of the compound (A), 5.44 g of the compound (B), 2.46 g of pentafluorophenyltriethoxysilane obtained in Synthesis 
Example 1 , 1 0 g of 4-methyl-2-pentanone, and 1 .82 g of a 1 .75 wt% aqueous solution of oxalic acid. The mixture was 
reacted for six hours at 80°C while stirring. The reaction was terminated by cooling the flask with ice. The reaction 
mixture was poured into a separating funnel to remove the water layer The organic layer was washed with ion-ex- 
changed water until the reaction solution becomes neutral. The solvent was evaporated under reduced pressure from 
the organic layer to obtain about 7.0 g of a polymer. Mw of the polymer was measured and found to be 1 ,800. 
[0253] The polymer was dissolved in 1 9 g of 4-methyl-2-pentanone. After the addition of 2.68 g of distilled water and 
3.76 g of triethylamine, the mixture was heated to 40°C in a nitrogen stream. After two hours, the mixture was cooled 
with ice and stirred, then a solution of 3.1 g of oxalic acid in 100 g of distilled water was added, and stirring was 
continued. The reaction mixture was poured into a separating funnel to remove the water layer. The organic layer was 
repeatedly washed with ion-exchanged water until the reaction solution becomes neutral. The solvent was evaporated 
under reduced pressure from the organic layer to obtain 5.9 g of a polymer. 
[0254] Mw of the polymer was measured and found to be 3,400. 

Example 12 (Synthesis of polysiioxane (1)) 

[0255] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 1 .03 
g of the compound (A), 2.13 g of the compound (B), 1.83 g of 3,5-bis(trifluoromethyl)phenyl triethoxysilane obtained 
in Synthesis Example 2, 2.5 g of 4-methyl-2-pentanone, and 0.89 g of a 1 .75 wt% aqueous solution of oxalic acid. The 
mixture was reacted for six hours at 80°C while stirring. The reaction was terminated by cooling the flask with ice. The 
reaction mixture was poured into a separating funnel to remove the water layer. The organic layer was washed with 
ion-exchanged water until the reaction solution becomes neutral. The solvent was evaporated under reduced pressure 
from the organic layer to obtain about 3.2 g of a polymer Mw of the polymer was measured and found to be 1 ,800. 
[0256] The polymer was dissolved in 1 1 g of 4-methyl-2-pentanone. After the addition of 1 .32 g of distilled water and 
1 .85 g of triethylamine, the mixture was heated to 40°C in a nitrogen stream. After two hours, the mixture was cooled 
with ice and stirred, then a solution of 1 .5 g of oxalic acid in 50 g of distilled water was added, and stirring was continued. 
The reaction mixture was poured into a separating funnel to remove the water layer. The organic layer was repeatedly 
washed with ion-exchanged water until the reaction solution becomes neutral. The solvent was evaporated under 
reduced pressure from the organic layer to obtain 2.9 g of a polymer. 
[0257] Mw of the polymer was measured and found to be 2,200. 

Example 13 (Synthesis of polysiioxane (1)) 

[0258] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 1 .21 
g of the compound (A), 2.95 g of the compound (B), 0.84 g of 3,5-bis(trifluoromethyl)phenyl triethoxysilane obtained 
in Synthesis Example 2, 2.5 g of 4-methyl-2-pentanone, and 0.82 g of a 1 .75 wt% aqueous solution of oxalic acid. The 
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mixture was reacted for six hours at 80°C while stirring. The reaction was terminated by cooling the flask with ice. The 
reaction mixture was poured into a separating funnel to remove the water layer. The organic layer was washed with 
ion-exchanged water until the reaction solution becomes neutral. The solvent was evaporated under reduced pressure 
from the organic layer to obtain about 3.6 g of a polymer. Mw of the polymer was measured and found to be 1 ,800. 

5 [0259] The polymer was dissolved in 9 g of 4-methyi-2-pentanone. After the addition of 1 .21 g of distilled water and 
1 .70 g of triethylamine, the mixture was heated to 80°C in a nitrogen stream. After six hours, the mixture was cooled 
with ice and stirred, then a solution of 1 .4 g of oxalic acid in 50 g of distilled water was added, and stirring was continued. 
The reaction mixture was poured into a separating funnel to remove the water layer. The organic layer was repeatedly 
washed with ion-exchanged water until the reaction solution becomes neutral. The solvent was evaporated under 

10 reduced pressure from the organic layer to obtain 2.6 g of a polymer. 
[0260] Mw of the polymer was measured and found to be 2,900. 



Evaluation Example 2 (Evaluation of radiation transmittance) 

[0261] The transmittance of the polysiloxanes obtained in Examples 7-13 at wavelengths of 200-1 30 nm was meas- 
ured using a film with a thickness of 1 ,000A. The results at a wavelength of 157 nm are shown in Table 2. 



Table 2 



Polysiloxane (1) 


Radiation transmittance (%) (157 nm) 


Example 7 


54.2 


Example 8 


53.6 


Example 9 


50.2 


Example 1 0 


54.0 


Example 11 


53.3 


Example 12 


55.3 


Example 13 


64.3 



[0262] Examples 7-13 are experiments similar to Examples 1 and 5, except that the ratio of the components for 
polymerization and the polymerization method were changed. The resulting polysiloxanes (1 ) have high transmittance 
at 1 57 nm as shown in Table 2. 

Evaluation Example 3 (Measurement of glass transition temperature) 



[0263] The glass transition temperature (Tg) of the polysiloxanes (1 ) obtained in Example 1 , Example 5, and Exam- 
ples 7-12 was measured. The results are shown in Table 3. 

Table 3 



Polysiloxane (1) 


Tg 
(°C) 


Remarks 


Example 1 


103 


Content of structural unit (II): 40 mol% 


Example 5 


93 


Content of structural unit (II): 40 mol% 


Example 7 


92 


Content of structural unit (II): 20 mol% 


Example 8 


94 


Content of structural unit (II): 30 mol% 


Example 9 


122 


Content of structural unit (II): 50 mol% 


Example 10 


141 


The same composition as in Example 7 


Example 11 


142 


The same composition as in Example 8 


Example 12 


137 


The same composition as in Example 5 



[0264] As can be seen from the Table 3, the glass transition temperature of polysiloxane (1) increases as the content 
of the structural unit (II) increases, indicating that introduction of the structural unit (II) is also effective as a means for 
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increasing the glass transition temperature that is a characteristic to be regarded in polysiloxane used as a resist 
material. 

[0265] Furthermore, as indicated by the results of Examples 10-12, the glass transition temperature of polysiloxane 
(1) can be increased by polycondensation in the presence of an acid catalyst, followed by a further condensation 
5 reaction in the presence of a basic catalyst. 

Evaluation Examples 4 (Evaluation of dry etching resistivity) 

[0266] Radiation sensitive resin compositions were prepared by homogeneously mixing 100 parts by weight of the 
10 polysiloxane (1 ) obtained in Example 1 or polystyrene (Mw = 1 6,000), 1 part by weight of triphenylsulfonium nonafluoro- 

n-butane sulfonate, 0.04 part by weight of tri-n-octylamine, and 900 parts by weight of 2-heptanone. 

[0267] Each radiation sensitive resin composition was applied onto a silicon wafer by spin coating and prebaked for 

90 seconds on a hot plate maintained at 140°C to form a resist film with a thickness of 100 nm. The resist films thus 

obtained were tested for etching under various conditions at a substrate temperature of 15°C using a 200 nm eMAX 
J5 Dielectric Etch Tool manufactured by Applied Materials, Inc. 

[0268] Etching gases, etching conditions (cathode power, etching time, and etching speed), and the etching speed 

ratio of polysiloxane (1 ) and polystyrene are shown in Table 4. 



Table 4 



Etching gas 


Etching conditions 


B/A 


Cathode Power (W) 


Etching time (sec) 


Etching rate (nm/min) 








A 


B 










Polystyrene 


Polysiloxane (1)* 




C H F3/C F 4 /N 2/C 4 Fg/ 
Ar 


1600 


15 


161 


223 


1.4 


CF 4 


1000 


20 


194 


224 


1.2 


CHFyCF^Ar 


1000 


30 


118 


144 


1.2 


C 4 F e /0 2 /Ar 


1800 


30 


19 


23 


1.2 



* Polysiloxane of Example 1 



3 5 Evaluation Example 5 (Resolution by exposure to KrF excimer laser) 

[0269] Radiation sensitive resin compositions were prepared by homogeneously mixing 100 parts by weight of the 
polysiloxanes (1) obtained in Examples 5-10, 12, and 13, 1 part by weight of triphenylsulfoniumtrifluoromethane sul- 
fonate, 0.04 part by weight of tri-n-octylamine, and 900 parts by weight of 2-heptanone. 

40 [0270] Each radiation sensitive resin composition was applied onto a silicon wafer by spin coating and prebaked for 
90 seconds on a hot plate maintained at 140°C to form a resist film with a thickness of 100 nm. The resist film was 
exposed to a KrF excimer laser (wavelength: 248 nm) while changing the irradiation dose, subjected to PEB for 90 
seconds on a hot plate maintained at 1 00°C, and developed in a 1 .1 9 wt% aqueous solution of tetramethylammonium 
hydroxide (TMAH) or a 2.38 wt% aqueous solution of tetramethylammonium hydroxide (TMAH), thereby forming a 

45 resist pattern. 

[0271] The results of the evaluation of each resist are shown in Table 5. 



Table 5 



(Exposure to KrF excimer laser) 


Polysiloxane (1 ) used for the radiation-sensitive resin 
composition 


Concentration of TMAH solution (wt%) 


Resolution (u.m) 


Example 7 


1.19 


0.16 


Example 8 


1.19 


0.16 | 


Example 9 


1.19 


0.16 


Example 10 


1.19 


0.15 
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Table 5 (continued) 



(Exposure to KrF excimer laser) 


Potysiloxane (1 ) used for the radiation-sensitive resin 
composition 


Concentration of TMAH solution (wt%) 


Resolution (u.m) 


Example 5 


2.38 


0.15 


Example 6 


2.38 


0.15 


Example 12 


2.38 


0.14 


Example 13 


2.38 


0.14 



Evaluation Example 6 (Resolution by exposure to F 2 excimer laser) 



15 [0272] Radiation sensitive resin compositions were prepared by homogeneously mixing 1 00 parts by weight of the 
polysiloxanes (1) obtained in Examples 12 and 13, 1 part by weight of triphenylsulfoniumtrifluorom ethane sulfonate, 
0.04 part by weight of tri-n-octylamine, and 900 parts by weight of 2-heptanone. 

[0273] Each radiation sensitive resin composition was applied onto a silicon wafer by spin coating and prebaked for 
90 seconds on a hot plate maintained at 140°C to form a resist film with a thickness of 100 nm. 
20 [0274] The resist film was exposed to an F 2 excimer laser (wavelength: 1 57 nm) while changing the irradiation dose, 
post -baked for 90 seconds on a hot plate at 100°C, and then developed in a 2. 38 wt% aqueous solution of tetrame- 
thylammonium hydroxide for 20 seconds, thereby forming a resist pattern. 

[0275] The resist pattern thus obtained was inspected by a scanning-type electron microscope to confirm that the 
pattern on either resist film was resolved to a line size as fine as 0.08 \xm. 

25 

Synthesis Example 9 

[0276] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 20.6 
g of triethoxysilane and 25 g of 5-trifluoromethyl-5-t-butoxycarbonyl bicyclo[2.2.1]hept-2-ene. The mixture was stirred 

30 at room temperature and 1 .0 ml of a 0.2 mol chloroplatinic acid (H 2 PtCI 6 ) solution in i-propyl alcohol was added to 
initiate the reaction. After refluxing while heating at 140°C for 24 hours, the reaction mixture was allowed to cool to 
room temperature, diluted with n-hexane, and filtered through celite by suction. The solvent was removed from the 
filtrate by evaporation under reduced pressure to obtain a crude product. The crude product was purified by distillation 
under reduced pressure at 0.5 mmHg and a temperature of 140°C to obtain 21 g of a compound. 

35 [0277] As shown by the following results of NMR spectrum (chemical shift a) and IR spectrum measurement, this 
product was identified to be a compound (C) shown by the following formula (C). 

a : 3.8 ppm (ethoxy group), 1 .4 ppm (t-butyl group), 1 .2 ppm (ethoxy group) 

IR: 1730 cm' 1 (ester group), 1270 cm* 1 (C-Fbond) , 1155 cm- 1 (Si-O bond), 1080 cm' 1 (Si-0 bond) 



Si(OC 2 H 5 ) 3 



45 




COOC(CH 3 ) 3 

wherein the silicon atom bonds to the 2-position or 3-position of the bicyclo[2.2.1]heptane ring. 
Synthesis Example 10 

55 

[0278] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 41 1 .2 
g of triethoxysilane and 50 g of 5-trifluoromethyl-6-t-butoxycarbonyl bicyclo[2.2.1]hept-2-ene. The mixture was stirred 
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at room temperature and 2. 0 ml of a 0. 2 mol chloroplatinic acid (H 2 PtCI 6 ) solution in i-propyl alcohol was added to 
initiate the reaction. After refluxing while heating at 140°C for 24 hours, the reaction mixture was allowed to cool to 
room temperature, diluted with n-hexane, and filtered through celite by suction. The solvent was removed from the 
filtrate by evaporation under reduced pressure to obtain a crude product. The crude product was purified by distillation 
under reduced pressure at 0. 5 mmHg and a temperature of 145°C to obtain 47 g of a compound. As shown by the 
following results of NMR spectrum (chemical shift o) and IR spectrum measurement, this product was identified to be 
a compound (D) shown by the following formula (D). 

o : 3.8 ppm (ethoxy group), 1 .4 ppm (t-butyl group), 1 .2 ppm (ethoxy group) 

IR: 1730 cm- 1 (ester group), 1271 cm" 1 (C-F bond) , 1155 cm' 1 (Si-0 bond), 1080 cm* 1 (Si-O bond) 



75 




F 3 C COOC(CH 3 ) 3 



wherein the silicon atom bonds to the 2-position or3-position of the bicyclo[2.2.1]heptane ring. 
25 Synthesis Example 11 

[0279] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 24.5 
g of triethoxysilane and 25 g of 5-acetoxy-5-trifluoromethylbicyclo[2.2.1]hept-2-ene. The mixture was stirred at room 
temperature and 1 .0 ml of a 0.2 mol chloroplatinic acid (H 2 PtCI 6 ) solution in i-propyl alcohol was added to initiate the 
30 reaction. After refluxing while heating at 1 40°C for 24 hours, the reaction mixture was allowed to cool to room temper- 
ature, diluted with n-hexane, and filtered through celite by suction. The solvent was removed from the filtrate by evap- 
oration under reduced pressure to obtain a crude product. The crude product was purified by distillation under reduced 
pressure at 0.5 mmHg and a temperature of 136°C to obtain 19 g of a compound. 

[0280] As shown by the following results of NMR spectrum (chemical shift o) and IR spectrum measurement, this 
35 product was identified to be a compound (E) shown by the following formula (E). 

a : 3.8 ppm (ethoxy group), 2.1 ppm (acetyl group), 1 .2 ppm (ethoxy group) 

IR: 1732 cm- 1 (ester group), 1222 cm" 1 (C-F bond) , 1157 cm" 1 (Si-0 bond), 1081 cm' 1 (Si-O bond) 



Si(OC 2 H 5 ) 3 



45 




wherein the silicon atom bonds to the 2-position or3-position of the bicyclo[2.2.1]heptane ring. 
Synthesis Example 12 

55 

[0281] A 50 ml pressure vessel was charged with 6.2 g of triethoxysilane and 10 g of octafluorocyclopentene. After 
the addition of 0.1 ml of a 0.2 mol chloroplatinic acid (H 2 PtCI 6 ) solution in i-propyl alcohol, the vessel was sealed and 
heated at 140°C for 24 hours. The crude product was purified by distillation under reduced pressure at 30 mmHg and 
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65°C to obtain 3.5 g of a compound. 

[0282] NMR spectrum (chemical shift o) and IR spectrum were measured to identify the compound to be octafluor- 
ocyclopentyltriethoxysilane. 

5 o : 5.9 ppm (CF-H bond), 3. 8 ppm (ethoxy group), 1 .2 ppm (ethoxy group) 
IR: 1230 cm- 1 (C-F bond), 1167 cm" 1 (Si-Obond), 1091 cm* 1 (Si-O bond) 

Synthesis Example 13 

io [0283] A four-necked flask equipped with a stirrer, a reflux condenser, a dropping funnel, and a thermometer was 
charged with 23.6 g of metal magnesium and 500 ml of tetrahydrofuran. 1 0 g of pentafluorobenzene was added drop- 
wise over five minutes while stirring the mixture in a dry nitrogen stream. When the temperature of the reaction solution 
reached 40°C, dropwise addition of a mixture of 1 90 g of pentafluorobenzene and 433 g of triethoxymethylsilane was 
started. The addition was continued while maintaining the temperature of the reaction solution at 50-60°C. After the 

is addition, the reaction solution was allowed to cool to room temperature and stirred over night at room temperature. 
The reaction mixture containing a deposited salt was diluted with n-hexane and filtered through celite by suction. The 
solvent was removed from the filtrate by evaporation under reduced pressure to obtain a crude product. The crude 
product was purified by distillation under reduced pressure at 3 mmHg and 96°C to obtain 82 g of a compound. 
[0284] NMR spectrum (chemical shift o) and IR spectrum were measured to identify the compound to be pentafluor- 

20 ophenyldiethoxymethylsilane. 

a : 3.8 ppm (ethoxy group), 1 .2 ppm (ethoxy group), 0.2 ppm (Si-CH 3 group) 

IR: 2980 cnr 1 (ethoxy group) , 2896 cnrr 1 (ethoxy group) , 1643 cm" 1 (pentafluorophenyl group), 1520 cm" 1 (C-F 
bond), 1466 cm" 1 (C-F bond) : 1168 cm" 1 (Si-O bond), 1090 cm* 1 (Si-O bond) 

25 

Synthesis Example 14 

[0285] A four-necked flask equipped with a stirrer, a reflux condenser, a dropping funnel, and a thermometer was 
charged with 4.9 g of metal magnesium and 200 ml of tetrahydrofuran. A mixture of 50 g of 1-bromo-3, 5-bis (trifluor- 

30 omethyl) benzene and 43.3 g of chlorotriethoxyethoxysiiane was added dropwise while stirring the reaction solution in 
a dry nitrogen stream and maintaining the temperature at 50-60°C. After the addition, the reaction solution was allowed 
to cool to room temperature and stirred overnight at room temperature. The reaction mixture containing a deposited 
salt was diluted with n-hexane and filtered through celite by suction. The solvent was removed from the filtrate by 
evaporation under reduced pressure to obtain a crude product. The crude product was purified by distillation under 

35 reduced pressure at 1 5 mmHg and 1 01°C to obtain 43.2 g of a compound. 

[0286] NMR spectrum (chemical shift o) and IR spectrum were measured to identify the compound to be 3,5-bis 
(trifluoromethyl)phenyldiethoxymethylsilane. 

o : 8.1 ppm (o-position of phenyl group), 7.8 ppm (p-position of phenyl group), 3.8 ppm (ethoxy group), 1 .2 ppm 
40 (ethoxy group), 0.2 ppm (Si-CH 3 group) 

IR: 2980 cm* 1 (ethoxy group) , 2897 cnr 1 (ethoxy group) , 1600 cm" 1 (aromatic group), 1281 cm" 1 (C-F bond) ,1167 
cm- 1 (Si-O bond), 1 1 00 cnr 1 (Si-O bond) 

Example 14 (Synthesis of polysiloxane (1)) 

45 

[0287] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 1 .24 
g of the compound (C), 2.67 g of the compound (B), 1.09 g of methyltriethoxysilane, 2. 5 g of 4-methyl-2-pentanone, 
and 1 .1 2 g of a 1 .75 wt% aqueous solution of oxalic acid. The mixture was reacted for six hours at 80°C while stirring. 
The reaction was terminated by cooling the flask with ice. The reaction mixture was poured into a separating funnel to 
so remove the water layer. The organic layer was washed with ion-exchanged water until the reaction solution becomes 
neutral. The solvent was evaporated under reduced pressure from the organic layer to obtain 2.7 g of a polymer. 
[0288] NMR spectrum (chemical shift o), IR spectrum, and Mw of the polymer were measured. The results were as 
follows. 

55 o : 2.3 ppm (CH 2 C(CF 3 ) 2 group), 1 ,4 ppm (t-butyl group), 0. 2 ppm (SiCH 3 group) 

IR: 1730 cm* 1 (ester group), 1270 cnr 1 (C-F bond) , 1213 cm" 1 (C-F bond), 1136 cm- 1 (siloxane group) 
Mw: 2,500 
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Example 15 (Synthesis of polysiloxane (1)) 

[0289] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 1 .24 
g of the compound (D), 2.67 g of the compound (B), 1.09 g of methyltriethoxysilane, 2.5 g of 4-methyl-2-pentanone, 
and 1.12 g of a 1 .75 wt% aqueous solution of oxalic acid. The mixture was reacted for six hours at 80°C while stirring. 
The reaction was terminated by cooling the flask with ice. The reaction mixture was poured into a separating funnel to 
remove the water layer. The organic layer was washed with ion-exchanged water until the reaction solution becomes 
neutral. The solvent was evaporated under reduced pressure from the organic layer to obtain 2.6 g of a polymer. 
[0290] NMR spectrum (chemical shift o), IR spectrum, and Mw of the polymer were measured. The results were as 
follows, a : 2.3 ppm (CH 2 C(CF 3 ) 2 group), 1.4 ppm (t-butyl group) , 0.2 ppm (SiCH 3 group) 

IR: 1731 cm" 1 (ester group), 1270 cm* 1 (C-F bond), 1215 cnr 1 (C-F bond), 1130 cm* 1 (siloxane group) 
Mw: 2,600 

Example 16 (Synthesis of polysiloxane (1)) 

[0291] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 1 .05 
g of the compound (A) , 2.16 g of the compound (B), 1.79 g of the compound (E), 2.5 g of 4-methyl-2-pentanone, and 
0.90 g of a 1 .75 wt% aqueous solution of oxalic acid. The mixture was reacted for six hours at 80°C while stirring. The 
reaction was terminated by cooling the flask with ice. The reaction mixture was poured into a separating funnel to 
remove the water layer. The organic layer was washed with ion-exchanged water until the reaction solution becomes 
neutral. The solvent was evaporated under reduced pressure from the organic layer to obtain 3.0 g of a polymer. 
[0292] NMR spectrum (chemical shift a), IR spectrum, and Mw of the polymer were measured. The results were as 
follows. 

a : 2.3 ppm (CH 2 C(CF 3 ) 2 group), 2.1 ppm (acetyl group), 1.4 ppm (t-butyl group) 

IR: 1730 cm* 1 (ester group), 1265 cm" 1 (C-F bond), 1215 cm' 1 (C-F bond), 1130 cm" 1 (siloxane group) 

Mw: 2,600 

Example 17 (Synthesis of polysiloxane (1)) 

[0293] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 0.84 
g of the compound (A), 1 .74 g of the compound (B), 1 .42 g of octafluorocyclopentyltriethoxysilane obtained in Synthesis 
Example 10, 2.0 g of 4-methyl-2-pentanone, and 0.73 g of a 1.75 wt% aqueous solution of oxalic acid. The mixture 
was reacted for six hours at 80°C while stirring. The reaction was terminated by cooling the flask with ice. The reaction 
mixture was poured into a separating funnel to remove the water layer. The organic layer was washed with ion-ex- 
changed water until the reaction solution becomes neutral. The solvent was evaporated under reduced pressure from 
the organic layer to obtain 2.4 g of a polymer. 

[0294] NMR spectrum (chemical shift a), IR spectrum, and Mw of the polymer were measured. The results were as 
follows. 

o : 5.9 ppm (CF-H bond), 2.3 ppm (CH 2 C(CF 3 ) 2 group), 1 . 4 ppm (t-butyl group) 

IR: 1730 cm" 1 (ester group) , 1290 cnr 1 (C-F bond) , 1230 cnr 1 (C-F bond), 1133 cnr 1 (siloxane group) 

Mw: 2,200 

Example 18 (Synthesis of polysiloxane (1)) 

[0295] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 0.89 
g of the compound (A), 1 .84 g of the compound (B), 1 .26 g of pentafluorophenyldiethoxymethylsilane obtained in 
Synthesis Example 11 , 2 g of 4-methyl-2-pentanone, and 0.77 g of a 1 .75 wt% aqueous solution of oxalic acid. The 
mixture was reacted for six hours at 80°C while stirring. The reaction was terminated by cooling the flask with ice. The 
reaction mixture was poured into a separating funnel to remove the water layer. The organic layer was washed with 
ion-exchanged water until the reaction solution becomes neutral. The solvent was evaporated under reduced pressure 
from the organic layer to obtain 2.5 g of a polymer. 

[0296] NMR spectrum (chemical shift a), IR spectrum, and Mw of the polymer were measured. The results were as 
follows. 

o : 2.3 ppm (CH 2 C(CF 3 ) 2 group), 1 .4 ppm (t-butyl group) , 0.2 ppm (SiCH 3 group) 
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1 700 cm' 1 (ester group), 1 643 cm' 1 (phenyl group), 1 475 cnr 1 (C-F bond) , 1 296 cm-1 (C-F bond) ,1213 cm' 1 

(C-F bond) , 1095 cnr 1 (siloxane group) 

2,100 



5 Example 1 9 (Synthesis of polysiloxane (1 )) 

[0297] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 0.85 
g of the compound (A), 1 .76 g of the compound (B), 1.39 g of 3,5-bis(trifluoromethyl)phenyldiethoxymethylsilane ob- 
tained in Synthesis Example 12, 2 g of 4«methyl-2-pentanone, and 0.74 g of a 1.75 wt% aqueous solution of oxalic 
acid. The mixture was reacted for six hours at 80°C while stirring. The reaction was terminated by cooling the flask 
with ice. The reaction mixture was poured into a separating funnel to remove the water layer. The organic layer was 
washed with ion-exchanged water until the reaction solution becomes neutral. The solvent was evaporated under 
reduced pressure from the organic layer to obtain 2.3 g of a polymer. 

[0298] NMR spectrum (chemical shift a). IR spectrum, and Mw of the polymer were measured. The results were as 
follows. 



10 



15 



a : 
IR: 



20 



25 



30 



35 



40 



45 



50 



55 



8.2-7.8 ppm (aromatic group), 2.3 ppm (CH 2 C(CF 3 ) 2 group), 1 .4 ppm (t-butyJ group), 0.2 ppm (Si-CH 3 group) 
1703 cm- 1 (ester group) , 1612 cm' 1 (phenyl group) , 1366 cm" 1 (C-F bond) , 1282 cm' 1 (C-F bond) , 1215 cm' 1 
(C-F bond) ,1140 cm' 1 (siloxane group) 
Mw: 2,200 

Evaluation Example 7 (Evaluation of radiation transmittance) 

[0299] The transmittance of the polysiloxanes obtained in Examples 14-19 at wavelength of 157 nm was measured 
using a film with a thickness of 1 ,000A. The results are shown in Table 6. 

Table 6 



Polysiloxane (1) 


Radiation transmittance (%) (157 nm) 


Example 14 


56.1 


Example 15 


55.9 


Example 1 6 


53.3 


Example 1 7 


59.8 


Example 1 8 


56.3 


Example 1 9 


60.1 



Synthesis Example 15 

[0300] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 3.0 g 
of the compound (B) and 10 ml of tetrahydrofuran. The mixture was stirred in a nitrogen stream while cooling with ice. 
When the mixture was cooled to 5°C, 16.7 mg of 4-dimethylaminopyridine was added and a solution of 1 .64 g of di-t- 
butyldicarbonate in 5 ml of tetrahydrofuran was added dropwise over 1 5 minutes. After the addition, the mixture was 
stirred for one hour, allowed to cool to room temperature, and stirred for a further five hours. After the addition of 50 
ml of n-hexane, the reaction mixture was poured into a separating funnel. The organic layer was washed three times 
with ice-cooled water. The organic layer was charged into a beaker, and dried over anhydrous magnesium sulfate. The 
solvent was evaporated under reduced pressure to obtain a crude product. The crude product was purified by silica 
gel chromatography to obtain 3.5 g of the compound from the n-hexane fraction. 

[0301] As a result of NMR spectrum (chemical shift o) measurement, this compound was identified to be a compound 
(F) shown by the following formula (F). 

o : 3.8 ppm (ethoxy group), 1 2 ppm (ethoxy group), 1 .5 ppm (t-butyl group) 
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w 



Si(OC 2 H 5 ) 3 



CF, 

i 



(F) 



O 
ii 



CH 2 — C-0-C-OC(CH 3 ) 3 
CF, 



15 

wherein the silicon atom bonds to the 2-position or 3-position of the bicyclo[2.2.1]heptane ring. 
Synthesis Example 16 

20 [0302] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 1 8.1 
goftriethoxysilaneand25.0gof 8-[2-hydroxy-2,2-bis(triflUoromethyl)e^^ 

mixture was stirred at room temperature and 0.2 ml of a 0. 2 mol chloropJatinic acid solution in i-propyl alcohol was 
added to initiate the reaction. The reaction was continued for 70 hours at 150°C while refluxing. The reaction mixture 
was allowed to cool to room temperature, diluted with n-hexane, and filtered through celite by suction. The solvent was 
removed from the filtrate by evaporation under reduced pressure to obtain a crude product. The crude product was 
purified by silica gel column chromatography to obtain 19.4 g of the compound from the n-hexane fraction. 
[0303] As a result of NMR spectrum (chemical shift a) measurement, this compound was identified to be acompound 
(G) shown by the following formula (G). 



25 



30 



3.8 ppm (ethoxy group), 1 .2 ppm (ethoxy group) 



35 



40 



45 



Si(OC 2 H 5 ) 3 




(G) 



CF 3 
CH 2 — C-OH 

CF, 



so wherein the silicon atom bonds to the 3-position or 4-position of the tetracyclo[4.4.0.1 2 . 5 .1 7 ' 10 ]dodecane ring. 
Synthesis Example 17 



55 



[0304] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 64.6 
g of triethoxysilane and 1 00 g of 8-trifluoromethyl-8-t-butoxycarbonyltetracyclo[4.4.0.1 2 . 5 .1 7 .i0]dodec-3-ene. The mix- 
ture was stirred at room temperature and 5. 0 ml of a 0.2 mol chloroplatinic acid solution in i-propyl alcohol was added 
to initiate the reaction. The reaction was continued for 75 hours at 150°C while refluxing. The reaction mixture was 
allowed to cool to room temperature, diluted with n-hexane, and filtered through celite by suction. The solvent was 
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removed from the filtrate by evaporation under reduced pressure to obtain a crude product. The crude product was 
purified by distillation under reduced pressure at 0.2 mmHg and a temperature of 1 45°C to obtain 50 g of a compound. 
[0305] As a result of NMR spectrum (chemical shift c) measurement, this compound was identified to be acompound 
(H) shown by the following formula (H). 

o : 3.8 ppm (ethoxy group), 1 .2 ppm (ethoxy group), 1 .4 ppm (t-butyl group) 

Si(OC 2 H 5 )3 

(H) 

CF 3 
COOC(CH 3 ) 3 

wherein the silicon atom bonds to the 3-position or 4-position of the tetracyclo[4.4.0.1 2 . 5 .1 7 ' 10 ]dodecane ring. 
Synthesis Example 18 




[0306] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 23.0 
g of triethoxysilane and 30 g of 5-ff uoro-5-[hydroxybis(trif luoromethyl)methyi]bicyclo[2.2. 1 ]hept-2-ene. The mixture was 
stirred at room temperature and 0.1 ml of a 0.2 mol chloroplatinic acid solution in i-propyl alcohol was added to initiate 
the reaction. The reaction was continued for 30 hours at 100°C while refluxing. The reaction mixture was allowed to 
30 cool to room temperature, diluted with n-hexane, and filtered through celite by suction. The solvent was removed from 
the filtrate by evaporation under reduced pressure to obtain a crude product. The crude product was purified by distil- 
lation under reduced pressure at 3 mmHg and a temperature of 100°C to obtain 45.3 g of a compound. 
[0307] As a result of NMR spectrum (chemical shift o) measurement, this compound was identified to be a compound 
(I) shown by the following formula (I). 



a : 3.8 ppm (ethoxy group), 1 .2 ppm (ethoxy group) 

Si(OC 2 H 5 ) 3 




(I) 



wherein the silicon atom bonds to the 2-position or 3-position of the bicyclo[2.2.1]heptane ring. 
Synthesis Example 19 



[0308] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 20.3 
g of triethoxysilane and 30 g of 5-[hydroxybis(trifluoromethy!)methyl]-6,6-difluorobicyclo[2.2.1 ]hept-2-ene. The mixture 
55 was stirred at room temperature and 0.1 ml of a 0.2 mol chloroplatinic acid solution in i-propyl alcohol was added to 
initiate the reaction. The reaction was continued for 30 hours at 1 00°C while refluxing. The reaction mixture was allowed 
to cool to room temperature, diluted with n-hexane, and filtered through celite by suction. The solvent was removed 
from the filtrate by evaporation under reduced pressure to obtain a crude product. The crude product was purified by 
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distillation under reduced pressure at 3 mmHg and a temperature of 93°C to obtain 40.7 g of a compound. 

[0309] As a result of NMR spectrum (chemical shift a) measurement, this compound was identified to be acompound 

(J) shown by the following formula (J). 

5 o : 3.8 ppm (ethoxy group), 1 .2 ppm (ethoxy group) 



Si(OC 2 H 5 ) 3 



10 



15 



25 



35 



40 




(J) 



wherein the silicon atom bonds to the 2-position or 3-position of the bicyclo[2.2.1]heptane ring. 
20 Synthesis Example 20 

[0310] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 1 0 g 
of the compound (I) and 20 ml of tetrahydrofuran. The mixture was stirred in a nitrogen stream white cooling with ice. 
When the mixture was cooled to 5°C, 55 mg of 4-dimethylaminopyridine was added and a solution of 6.4 g of di-t- 
butyldicarbonate in 10 ml of tetrahydrofuran was added dropwise over 15 minutes. After the addition, the mixture was 
stirred for one hour, allowed to cool to room temperature, and stirred for a further five hours. After the addition of 1 00 
ml of n-hexane, the reaction mixture was poured into a separating funnel. The organic layer was washed three times 
with ice-cooled water. The organic layer was charged into a beaker, and dried over anhydrous magnesium sulfate. The 
solvent was evaporated under reduced pressure to obtain a crude product. The crude product was purified by silica 
30 gel column chromatography to obtain 6.8 g of the compound from the n-hexane fraction. 

[0311] As a result of NMR spectrum (chemical shift a) measurement, this compound was identified to be acompound 
(K) shown by the following formula (K). 



o : 3.8 ppm (ethoxy group), 1 .2 ppm (ethoxy group), 1 .5 ppm (t-butyl group) 

Si(OC 2 H 5 ) 3 

? F 3 O ( K ) 
C-0-C-OC(CH 3 ) 3 
CF 3 




wherein the silicon atom bonds to the 2-position or 3-position of the bicyclo[2.2.1]heptane ring. 
Synthesis Example 21 

50 

[0312] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 1 0 g 
of the compound (J) and 20 ml of tetrahydrofuran. The mixture was stirred in a nitrogen stream while cooling with ice. 
When the mixture was cooled to 5°C, 51 mg of 4-dimethylaminopyridine was added and a solution of 5.92 g of di-t- 
butyldicarbonate in 10 ml of tetrahydrofuran was added dropwise over 15 minutes. After the addition, the mixture was 
55 stirred for one hour, allowed to cool to room temperature, and stirred for a further five hours. After the addition of 1 00 
ml of n-hexane, the reaction mixture was poured into a separating funnel. The organic layer was washed three times 
with ice-cooled water. The organic layer was charged into a beaker, and dried over anhydrous magnesium sulfate. The 
solvent was evaporated under reduced pressure to obtain a crude product. The crude product was purified by silica 
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gel chromatography to obtain 6.5 g of a compound from the n-hexane fraction. 

[0313] As a result of NMR spectrum (chemical shift a) measurement, this compound was identified to be a compound 
(L) shown by the following formula (L). 

5 o : 3.8 ppm (ethoxy group), 1 .2 ppm (ethoxy group), 1 .5 ppm (t-butyl group) 



Si(OC2H 5 ) 3 



w 



15 




? F 3 O (L ) 

C-0-C-OC(CH 3 ) 3 
CF 3 



wherein the silicon atom bonds to the 2-position or 3-position of the bicyclo[2.2.1]heptane ring. 
20 Synthesis Example 22 

[0314] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 20.8 
g of triethoxysilane and 25 g of 5-trifluoromethyl-5-acetoxy-6,6-difluorobicyclo[2.2.1]hept-2-ene. The mixture was 
stirred at room temperature and 0.1 ml of a 0.2 mol chloroplatinic acid solution in i-propyl alcohol was added to initiate 

25 the reaction. The reaction was continued for 30 hours at 1 00°C while refluxing. The reaction mixture was allowed to 
cool to room temperature, diluted with n-hexane, and filtered through celite by suction. The solvent was removed from 
the filtrate by evaporation under reduced pressure to obtain a crude product. The crude product was purified by distil- 
lation under reduced pressure at 5 mmHg and a temperature of 85°C to obtain 33.1 g of a compound. 
[0315] As a result of NMR spectrum (chemical shift a) measurement, this compound was identified to be a compound 

30 (M) shown by the following formula (M). 



o : 3.8 ppm (ethoxy group), 2.2 ppm (acetoxy group), 1 .2 ppm (ethoxy group) 



Si(OC 2 H 5 ) 3 

CJ) (M) 
F ] f OCOCH 3 

F CF 3 

45 wherein the silicon atom bonds to the 2-position or 3-position of the bicyclo[2.2.1 ]heptane ring. 
Synthesis Example 23 

[0316] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 31 .0 
so g of triethoxysilane and 30 g of 5,6,6-trifluoro-5-acetoxybicyclo[2.2.1 ]hept-2-ene. The mixture was stirred at room tem- 
perature and 0.1 ml of a 0.2 mol chloroplatinic acid solution in i-propyi alcohol was added to initiate the reaction. The 
reaction was continued for 30 hours at 100°C while refluxing. The reaction mixture was allowed to cool to room tem- 
perature, diluted with n-hexane, and filtered through celite by suction. The solvent was removed from the filtrate by 
evaporation under reduced pressure to obtain a crude product. The crude product was purified by distillation under 
55 reduced pressure at 5 mmHg and a temperature of 95°C to obtain 44.2 g of a compound. 

[0317] As a result of NMR spectrum (chemical shift a) measurement, this compound was identified to be a compound 
(N) shown by the following formula (N). 
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3.8 ppm (ethoxy group), 2.3 ppm (acetoxy group), 1 .2 ppm (ethoxy group) 



10 



5 




Si(OC 2 H 5 ) 3 

Y~ -f-OC0CH 3 
F F 



(N) 



wherein the silicon atom bonds to the 2-position or3-position of the bicyclo[2.2.1]heptane ring. 

15 

Synthesis Example 24 

[0318] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 32.8 
g of Iriethoxysilane and 30 g of 5,5-difluorobicyclo[2.2.1]hept-2-ene. The mixture was stirred at room temperature and 

20 o.1 ml of a 0.2 mol chloroplatinic acid solution in i-propyl alcohol was added to initiate the reaction. The reaction was 
continued for 30 hours at 1 00°C while ref luxing. The reaction mixture was allowed to cool to room temperature, diluted 
with n-hexane, and filtered through celite by suction. The solvent was removed from the filtrate by evaporation under 
reduced pressure to obtain a crude product. The crude product was purified by distillation under reduced pressure at 
5 mmHg and a temperature of 85°C to obtain 38.8 g of a compound. 

25 [0319] As a result of NMR spectrum (chemical shift o) measurement, this compound was identified to be a compound 
(O) shown by the following formula (O). 

o : 3.8 ppm (ethoxy group), 1 .2 ppm (ethoxy group) 



40 wherein the silicon atom bonds to the 2-position or 3-position of the bicyclo[2.2.1 Jheptane ring. 
Synthesis Example 25 

[0320] A 50 ml pressure vessel was charged with 6.2 g of triethoxysilane and 1 0 g of octaf luorocyclopentene. After 
« the addition of 0.1 ml of a 0.2 mol chloroplatinic acid solution in i-propyl alcohol, the vessel was sealed and heated at 
140°C for 24 hours. The crude product was purified by distillation under reduced pressure at 30 mmHg and 65°C to 
obtain 3.5 g of a compound. 

[0321] As a result of NMR spectrum (chemical shift o) measurement, this compound was identified to be a compound 
(P) shown by the following formula (P). 

so 

a : 5. 9 ppm (CF-H bond) , 3.8 ppm (ethoxy group), 1 .2 ppm (ethoxy group) 



30 




Si(OC 2 H 5 ) 3 



35 



(0) 
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Si(OC 2 H 5 ) 3 




15 



20 



Synthesis Example 26 

[0322] A 50 ml pressure vessel was charged with 5.1 g of triethoxysilane and 1 0 g of decafluorocyclohexene. After 
the addition of 0.1 ml of a 0.2 mol chloroplatinic acid solution in i-propyl alcohol, the vessel was sealed and heated at 
140*C for 24 hours. The crude product was purified by distillation under reduced pressure at 30 mmHg and 68°C to 
obtain 3.7 g of a compound. • 

[0323] As a result of NMR spectrum (chemical shift a) measurement, this compound was identified to be a compound 
(Q) shown by the following formula (Q). 



o : 5.9 ppm (CF-H bond), 3. 8 ppm (ethoxy group), 1 .2 ppm (ethoxy group) 

25 

Si(OC 2 H 5 ) 3 

30 ^ K 



(Q) 



Ff]"F 
F F 



Synthesis Example 27 

[0324] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 1 7.2 
g of triethoxysilane and 30 g of 5 l 6,6-trifluoro-5-(3-methoxycarbonyl-1 ( 1,2,2 ) 3,3-hexafluoro-n-propoxy)bicyclo[2.2.1] 
hept-2-ene. The mixture was stirred at room temperature and 1 .0 ml of a 0.2 mol chloroplatinic acid solution in i-propyl 
alcohol was added to initiate the reaction. The reaction was continued for 48 hours at 100°C while refluxing. The 
reaction mixture was allowed to cool to room temperature, diluted with n-hexane, and filtered through celite by suction. 
The solvent was removed from the filtrate by evaporation under reduced pressure to obtain a crude product. The crude 
product was purified by silica gel column chromatography to obtain 38 g of a compound. 

[0325] As a result of NMR spectrum (chemical shift a) measurement, this compound was identified to be a compound 
(R) shown by the following formula (R). 

o : 3.8 ppm (ethoxy group), 3.6 ppm (methoxy group), 1 .2 ppm (ethoxy group) 
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Si(OC 2 H 5 ) 3 



F 




(R) 



F OCF2CF2CF2COOCH3 



wherein the silicon atom bonds to the 2-position or 3-position of the bicyclo[2.2.1]heptane ring. 
Synthesis Example 28 

[0326] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 12.9 
g of triethoxysilane and 25 g of 5,6,64rifluoro-5-(3-t-butoxycarbonyl-1 l 1 l 2,2,3 f 3-hexafluoro-n-propoxy)bicyclo[2.2.1] 
hept-2-ene. The mixture was stirred at room temperature and 1 .0 ml of a 0.2 mol chloroplatinic acid solution in i-propyl 
alcohol was added to initiate the reaction. The reaction was continued for 48 hours at 100°C while refluxing. The 
reaction mixture was allowed to cool to room temperature : diluted with n-hexane, and filtered through celite by suction. 
The solvent was removed from the filtrate by evaporation under reduced pressure to obtain a crude product. The crude 
product was purified by silica gel column chromatography to obtain 32 g of a compound. 

[0327] As a result of NMR spectrum (chemical shift a) measurement, this compound was identified to be a compound 
(S) shown by the following formula (S). 

o : 3.8 ppm (ethoxy group), 1 .2 ppm (ethoxy group), 1 .4 ppm (t-butyl group) 



wherein the silicon atom bonds to the 2-position or 3-position of the bicydo[2. 2.1] heptane ring. 
Examples 20-35 (Synthesis of polysiloxane (1)) 

- Acid polycondensation reaction- 

[0328] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with the 
compounds obtained in the above Synthesis Examples, 4-methyl-2-pentanone (MIBK), and 1 .75 wt% oxalic acid aque- 
ous solution (OAS). The mixture was reacted for the period of time at the temperature shown in Table 7-1 . The reaction 
was terminated by cooling the flask with ice. The reaction mixture was poured into a separating funnel to remove the 
water layer. The organic layer was washed with ion-exchanged water until the reaction solution becomes neutral. The 
solvent was removed from the organic layer by evaporation under reduced pressure to obtain intermediate polymers. 

- Base condensation reaction- 

[0329] The intermediate polymers were dissolved in MIBK of the amount shown in Table 7-2, triethylamine (TEA) 
and distilled water of the amount shown in Table 7-2 were added, and the mixture was heated at 60°C in a nitrogen 
stream. After six hours, the reaction solution was cooled with ice while stirring, then a solution of oxalic acid in 20-fold 
distilled water was added, followed by further stirring. The reaction mixture was poured into a separating funnel to 




Si(OC 2 H 5 ) 3 




F OCF 2 CF 2 CF2COOC(CH3)3 
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remove the water layer. The organic layer was repeatedly washed with ion-exchanged water until the reaction solution 
becomes neutral. The solvent was removed from the organic layer to obtain the polysiloxane (1). 
[0330] Mw, Mw/Mn, and yield of each polysiloxane (1 ) obtained are shown in Table 7-2. 



5 Table 7-1 



(Acid polycondensation reaction) 




Compound (g) 


MIBK (g) 


1.75 wt%OAS 


Temp. 
(°C) 


Time 


Example 20 


O (12.02) 


B (17.98) 




30 


5.47 


80 


6 


Example 21 


C(3.42) 


B(12.54) 


A (4.05) 


20 


3.5 


80 


6 


Example 22 


C(5.07) 


B(12.4) 


F(2.54) 


20 


3.46 


60 


10 


Example 23 


F(15.61) 


H(4.39) 




20 


3.26 


80 


6 


Example 24 








20 


3.43 


80 


6 


Example 25 


C(7.01) 


1(12.99) 




20 


3.59 


80 


6 


Example 26 


L(5.12) 


J(9.88) 




15 


2.16 


60 


10 


Example 27 


K(5.17) 


1(9.83) 




15 


2.33 


60 


10 


Example 28 


C(2.61) 


B(9.59) 


E(2.8) \ 


15 


2.67 


80 


6 


Example 29 


C(2.57) 


B(9.42) 


M(3.01) 


15 


2.63 


80 


6 


Example 30 


C(2.63) 


B(9.65) 


N(2.72) 


15 


2.69 


80 


6 


Example 31 


C(2.73) 


B(10.03) 


0(2.24) 


15 


2.79 


80 


6 


Example 32 


C(2.62) 


B(9.62) 


P(2.75) 


15 


2.68 


80 


6 


Example 33 


C(2.56) 


B(9.39) 


Q(3.05) 


15 


2.62 


80 


6 


Example 34 


C(2.43) 


B(8.93) 


P(3.64) 


15 


2.49 


80 


6 


Example 35 


S(3.72) 


B(11.28) 




15 


2.36 


80 


6 



35 Table 7-2 



40 



50 



(Base polycondensation reaction) 




MIBK (g) 


TEA (g) 


Distilled water (g) 


Oxalic acid (g) 


Mw 


Mw/Mn 


Yield (g) 


Example 20 


65.1 


11.31 


8.06 


9.4 


2,000 


1.0 


21 .2 


Example 21 


44.1 


7.23 


5.15 


6.01 


1,800 


1.0 


14.4 


Example 22 


44.3 


7.15 


5.09 


5.94 


1,800 


1.0 


14.1 


Example 23 


45.2 


6.75 


4.81 


5.61 


1,700 




14.5 


Example 24 


44.4 


7.09 


5.06 


5.9 


1,800 




14.1 


Example 25 


43.7 


7.42 


5.29 


6.17 


2,000 




13.9 


Example 26 


35.2 


4,47 


3.19 


3.72 


2,000 




11.1 


Example 27 


34.4 


4.81 


3.43 


4.0 


2,000 




10.4 


Example 28 


32.9 


5.53 


3.94 


4.6 


1,800 




10.5 


Example 29 


33.1 


5.43 


3.87 


4.52 


1,800 




10.2 


Example 30 


32.8 


5.56 


3.97 


4.63 


1,800 




10.4 


Example 31 


32.3 


5.78 


4.12 


4.81 


1,800 




10.3 


Example 32 


32.8 


5.55 


3.96 


4.61 


1,900 




10.5 
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Table 7-2 (continued) 



(Base polycondensation reaction) 




MIBK (g) 


TEA (g) 


Distilled water (g) 


Oxalic acid (g) 


Mw 


Mw/Mn 


Yield (g) 


Example 33 


33.1 


5.42 


3.86 


4.5 


1,900 


1.1 


10.7 


Example 34 


33.7 


5.15 


3.67 


4.28 


1,800 


1.1 


10.8 


Example 35 


34.2 


4.88 


3.48 


4.06 


1,700 


1.1 


11.1 



10 

Evaluation Example 8 (Evaluation of radiation transmittance) 

[0331] The radiation transmittance of the polysiloxanes (1) obtained in Examples 20-35 at wavelengths of 200-130 
nm was measured using a film with a thickness of 1 ,OO0A. The results at a wavelength of 1 57 nm are shown in Table 8. 

15 

Table 8 



Polysiloxane (1) 


nauiauuii liaMolliillaMUc \ /of \ IO/ 1 1 1 T I y 


Example 20 


61.8 


Example 21 


55.1 


Example 22 


62.4 


Example 23 


63.1 


Example 24 


61.3 


Example 25 


62.5 


Example 26 


65.6 


Example 27 


64.3 


Example 28 


62.8 


Example 29 


63.7 


Example 30 


63.2 ; 


Example 31 


64.1 


Example 32 


66.1 


Example 33 


66.3 


Example 34 


64.0 


Example 35 


65.3 



[0332] The results show that the polysiloxanes ( 1 ) exhibit superior radiation transmittance at a wavelength of 1 57 nm. 
Evaluation Example 9 (Resolution by exposure to ArF excimer laser) 

45 

[0333] Composition solutions were prepared by homogeneously mixing 100 parts by weight of polysiloxanes (1) 
shown in Table 9 and 900 parts by weight of 2-heptanone with 3 parts by weight of the acid generators (B1), 1 part by 
weight of the acid generators (B2), and 8 mol% (for the total amount of the acid generators, hereinafter the same) of 
the acid diffusion controllers, respectively shown in Table 9. 
50 [0334] The composition solutions were applied by spin coating onto a silicon wafer substrate on which an under layer 
film (f*-1) was previously formed or a silicon wafer substrate on which an under layer film (d) was previously formed, 
and pre-baked (PB) for 90 seconds on a hot plate maintained at a temperature shown in Table 3 to form a resist film 
with a thickness of 1 ,000A. 

[0335] The under layer film (f*-1) was a film with a thickness of 3,000 A prepared by spin coating the composition 
55 solution (P-1 ) shown below and baking the coating for 60 seconds at 1 80°C and for 1 20 seconds at 300°C. The under 
layer film (d) was a film with a thickness of 520 A formed by coating a commercially available antiref lection film DUV- 
30J and baking the coating for 60 seconds at 205°C. 
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Preparation of composition solution (p-1 ) 

[0336] A separable flask equipped with a thermometer was charged with 100 parts by weight of acenaphthylene, 78 
parts by weight of toluene, 52 parts by weight of dioxane, and 3 parts by weight of azobisisobutyronitrile in a nitrogen 
atmosphere. The mixture was stirred for 5 hours at 70°C. Next, 5.2 parts by weight of p-toluenesulfonic acid monohy- 
drate and 40 parts by weight of paraformaldehyde were added. After heating to 120°C, the mixture was stirred for 6 
hours. The reaction solution was charged into a large amount of isopropanol. The resulting precipitate was collected 
by filtration and dried at 40°C under reduced pressure to obtain an under layer film-forming polymer with an Mw of 
22,000. 

[0337] 1 0 parts by weight of the under layer film-forming polymer, 0.5 part by weight of bis(4-t-butylphenyl)iodonium 
10-camphorsulfonate, and 0.5 part by weight of 4,4 , -[H4-(1-[4-hydroxyphenyl]-1-methylethyl)phenyl}ethylidene]bi- 
sphenol were dissolved in 89 parts by weight of cyclohexanone. The solution obtained was filtered using a membrane 
filter with a pore diameter of 0.1 urn to obtain a composition solution for under layer film-forming polymer (hereinafter 
referred to as "composition solution (p-1 )"). 

[0338] The resist films were exposed to an Arf excimer laser (wavelength: 193 nm, NA = 0.60, and o= 0.70) while 
changing the irradiation dose, baked (PEB) for 90 seconds on a hot plate maintained at a temperature shown in Table 
9, and developed in a 2.38 wt% aqueous solution of tetramethylammonium hydroxide, thereby forming a line-and- 
space pattern (1 L71 S) for evaluation of resolution. The evaluation results are shown in Table 9. 
[0339] Components in Table 9 other than the polysiloxanes (1 ) are as follows. The following component list applies 
also to Tables 10-12. 

Acid generator (B1 ) 

[0340] 

B1-1: Triphenylsulfonium nonafluoro-n-butanesu!fonate 

B1 -2: Triphenylsulfonium 1 ,1 ,2,2-tetrafluoro-2-(norbornan-2-yl)-ethanesulfonate 

B1-3: 1,4-Butylene-(1-butoxynaphth-4-yl)sulfonium 1,1,2,2-tetrafiuoro-2-(norbornan-2-yl)-ethanesulfonate 

B1 -4: 1 ,4-Butylene-(1 -butoxynaphth-4-yl)sulfonium nonafluoro-n-butanesulfonate 

B1 -5: Diphenyliodonium nonafiuoro-n-butanesulfonate 

Acid generator (B2) 

[0341] 

B2-1: Triphenylsulfonium 10-camphorsulfonate 

B2-2: 1 ,4-Butylene-(1 -butoxynaphth-4-yl) 1 0-camphorsutfonate 

B2-3: Diphenyliodonium 1 0-camphorsulfonate 

B2-4: Triphenylsulfonium salicylate 

Acid diffusion controller 

[0342] 

C-1 : Tri-N-octylamine 

C-2: 2-Phenylbenzimidazole 

C-3: 4-Phenylpyridine 

[0343] Methods for synthesizing the acid generator (B1-2) and the acid generator (B1-3) are described below as 
Reference Examples. 

Reference Example 1 

[0344] A 2 1 eggplant-shaped flask was charged with a solution of 20 g of triphenylsulfonium chloride in 500 ml of 
water. A separately prepared solution of 20 g of sodium 1 ,1 : 2,2-tetrafluoro-2-(norbornan-2-yl)ethanesulfonate in 500 
ml of water was added dropwise to the solution at room temperature. The mixture was stirred. After 30 minutes, the 
reactant was extracted with ethyl acetate, the organic layer was washed with water twice, the solvent was evaporated 
under reduced pressure to obtain the acid generator (B1 -2) in a yield of 43 wt%. 
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Reference Example 2 

[0345] 80 g of 1-butoxynaphthalene and 212 g of phosphorus pentaoxide-methanesuifonic acid was charged into a 
5 I eggplant-shaped flask and the mixture was stirred for 15 minutes at room temperature. After adding 47 g of tetram- 

5 ethylene sulfoxide dropwise at 0°C, the mixture was stirred for 20 minutes. After slowly increasing the temperature to 
room temperature, the mixture was stirred for a further one hour After cooling to 0°C, 2 I of water was added, the 
reaction solution adjusted to pH 7.0 using 25% ammonia water and stirred for a further one hour. Then, a separately 
prepared solution of 116 g of sodium 1 ,1,2,2-tetrafluoro-2-(norbornan-2-yl)ethanesulfonate in 150 ml of water was 
added to the reaction solution at room temperature. After stirring for one hour at room temperature, the reaction solution 

10 was extracted with methylene chloride and the organic layer was washed with water. The methylene chloride was 
evaporated under reduced pressure. The resulting residue was purified by silica gel column (methylene chloride:meth- 
anol = 20:1) and further precipitated from a tetrahydrofuran/n-hexane mixture to obtain the acid generator (B1 -3) in a 
yield of 35 wt%, 

15 
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Evaluation Example 10 (Resolution by exposure to F 2 excimer laser) 

[0346] Composition solutions were prepared by homogeneously mixing 100 parts by weight of polysiloxanes (1) 
shown in Tables 1 0. 1 1 . and 1 2 and 1 ,000 parts by weight of 2-heptanone with 4 parts by weight of the acid generators 
5 (B1 ), 0.5 part by weight of the acid generators (B2), and 8 moi% of the add diffusion controllers, each shown in Tables 
10, 11, and 12. 

[0347] The composition solutions were applied by spin coating onto a silicon wafer substrate (Si), an SiON substrate, 
a silicon wafer substrate on which an under layer film (fM ) was previously formed, or a silicon wafer substrate on which 
an under layer film (d) was previously formed, and prebaked (PB) for 90 seconds on a hot plate maintained at a 

*o temperature shown in Tables 10, 11 or 12 to form a resist film with a thickness of 1 ,200A. 

[0348] The resist films were exposed to an F 2 excimer laser (wavelength: 157 nm, NA = 0.60) in the case of com- 
position solutions of Tables 1 0 and 11 and F 2 excimer laser (wavelength: 157 nm, NA= 0.85) in the case of composition 
solutions of Tables 12, through a binary mask as a reticle, while changing the irradiation dose, baked (PEB) for 90 
seconds on a hot plate maintained at a temperature shown in Tables 10, 11, and 12, and developed in a 2.38 wt% 

'5 aqueous solution of tetramethylammonium hydroxide, thereby forming a line-and-space pattern (1L/1S) for evaluation 
of resolution. The evaluation results are shown in Tables 10,11 and 12. 
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i 



[0349] The polysiloxanes (1) of the present invention exhibit high transparency to radiation of a wavelength of 193 
nm or less, particularly to radiation of a wavelength of 1 57 nm or less, maintain high transparency to radiation of entire 

5 wavelength in the range of 160-130 nm, including 147 nm. 134 nm, and the like, and exhibit superior dry etching 
resistance and resolution properties. The potysiloxane (1) produced by the process of the present invention that in- 
cludes an acid polycondensation reaction and a base condensation reaction has a narrow molecular weight distribution 
and can produce a resist exhibiting excellent resolution and pattern profile. Therefore, the radiation sensitive resin 
composition containing the polysiloxane (1) of the present invention exhibits a high sensitivity to short wavelength 

'0 radiation and can form fine resist patterns at high precision. The resin composition can be extremely useful for fabri- 
cating semiconductor devices, which will become more and more minute in the future. 
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Claims 

1 . A polysiloxane having a structural unit (I) and/or structural unit (II) shown by the following formula (1 ), having an 
acid-dissociable group dissociable with an acid, and possessing a polystyrene-reduced weight average molecular 
weight determined by gel permeation chromatography (GPC) in the range of 500-1 ,000,000, 



20 



25 



r R 



Si-O- 



-Si-O- 
I 

O 



(1) 



30 



(I) 



(ID 



wherein R 1 represents a monovalent aromatic group having 6-20 carbon atoms substituted with at least one group 
selected from the group consisting of a fluorine atom and fluoroalkyl groups having 1-10 carbon atoms or a mono- 
valent alicyclic group having 3-15 carbon atoms substituted with at least one group selected from the group con- 
sisting of a fluorine atom and fluoroalkyl groups having 1-10 carbon atoms and R 2 represents a monovalent aro- 
matic group having 6-20 carbon atoms substituted with at least one group selected from the group consisting of 
a fluorine atom and fluoroalkyl groups having 1-10 carbon atoms, a monovalent alicyclic group having 3-15 carbon 
atoms substituted with at least one group selected from the group consisting of a fluorine atom and fluoroalkyl 
groups having 1-10 carbon atoms, a hydrogen atom, a halogen atom, a monovalent hydrocarbon group having 
1 -20 carbon atoms, a haloalkyl group having 1 -20 carbon atoms, or a primary, secondary, or tertiary amino group. 

2. The polysiloxane according to claim 1, wherein R 1 in the structural unit (I) and/or the structural unit (II) shown in 
the formula (1) is selected from the group consisting of the group of the formulas (2)-(7), 



so 
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wherein R 3 individually represents a fluorine atom, fluoroalkyl group having 1-10 carbon atoms, hydrogen atom, 
halogen atom other than fluorine atom, alkyl group having 1 -1 0 carbon atoms, or monovalent organic group having 
an acid-dissociable group, a hydroxyl group, or a carboxyl group, R 4 individually represents a fluorine atom, fluor- 
oalkyl group having 1-10 carbon atoms, hydrogen atom, halogen atom other than fluorine atom, or alkyl group 
having 1-10 carbon atoms, provided that at least one of five R 3 groups and 2k R 4 groups represents a fluorine 
atom or fluoroalkyl group having 1 -1 0 carbon atoms, and k is an integer of 0 to 10, 



25 



30 




wherein R 3 individually represents a fluorine atom, fluoroalkyl group having 1-10 carbon atoms, hydrogen atom, 
halogen atom otherthan fluorine atom, alkyl group having 1 -1 0 carbon atoms, or monovalent organic group having 
an acid-dissociable group, a hydroxyl group, or a carboxyl group, R 4 individually represents a fluorine atom, fluor- 
oalkyl group having 1-10 carbon atoms, hydrogen atom, halogen atom other than fluorine atom, or alkyl group 
having 1-10 carbon atoms, provided that at least one of seven R 3 groups and 2k R 4 groups represents a fluorine 
atom or fluoroalkyl group having 1-10 carbon atoms, and k is an integer of 0 to 10, 




wherein R 3 individually represents a fluorine atom, fluoroalkyl group having 1-10 carbon atoms, hydrogen atom, 
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halogen atom other than fluorine atom, alkyl group having 1-10 carbon atoms, or monovalent organic group having 
an acid-dissociable group, a hydroxyl group, or a carboxyl group, R 4 individually represents a fluorine atom, fluor- 
oalkyl group having 1-10 carbon atoms, hydrogen atom f halogen atom other than fluorine atom, or alkyl group 
having 1-10 carbon atoms, provided that at least one of seven R 3 groups and 2k R 4 groups represents a fluorine 
atom or fluoroalkyl group having 1-10 carbon atoms, and k is an integer of 0 to 10, 



15 




wherein R 3 individually represents a fluorine atom, fluoroalkyl group having 1-10 carbon atoms, hydrogen atom, 
halogen atom otherthan fluorine atom, alkyl group having 1 -1 Ocarbon atoms, or monovalent organic group having 
an acid-dissociable group, a hydroxyl group, or a carboxyl group, R 4 individually represents a fluorine atom, fluor- 
oalkyl group having 1-10 carbon atoms, hydrogen atom, halogen atom other than fluorine atom, or alkyl group 
having 1 -10 carbon atoms, provided that at least one of (3+2m) R3 groups and 2k R 4 groups represents a fluorine 
atom or fluoroalkyl group having 1-10 carbon atoms, k is an integer of 0 to 10, and m is an integer of 1 to 1 8, 
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45 




wherein one of (1 2+6n) R 3 groups represents a group -[C(R 4 ) 2 ] k (wherein R 4 individually represents a fluorine atom, 
fluoroalkyl group having 1-10 carbon atoms, hydrogen atom, halogen atom otherthan fluorine atom, alkyl group 
having 1-10 carbon atoms and k is an integer of 0-1 0) and the remaining R 3 groups individually represent a fluorine 
atom, fluoroalkyl group having 1-10 carbon atoms, hydrogen atom, halogen atom other than fluorine atom, alkyl 
group having 1 -1 0 carbon atoms, or monovalent organic group having an acid-dissociable group, a hydroxyl group, 
or a carboxyl group, provided that at least one of the remaining (11+6n) R 3 groups and 2k R 4 groups represents 
a fluorine atom or fluoroalkyl group having 1-10 carbon atoms, and n is an integer of 0-3, 
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R 3 

R 3 1 R 3 



(7) 



R 3 R ; 



wherein one of 16 groups represents a group -[C(R 4 ) 2 ] k (wherein R 4 individually represents a fluorine atom; 
fluoroalkyl group having 1-10 carbon atoms, hydrogen atom, halogen atom other than fluorine atom, alkyl group 
having 1 -1 0 carbon atoms and k is an integer of 0-10) and the remaining R 3 groups individually represent a fluorine 
atom, fluoroalkyl group having 1-10 carbon atoms, hydrogen atom, halogen atom other than fluorine atom, alkyl 
group having 1-10 carbon atoms, or monovalent organic group having an acid-dissociable group, a hydroxyl group, 
or a carboxyl group, provided that at least one of the remaining 15 R 3 groups and 2k R 4 groups represents a 
fluorine atom or fluoroalkyl group having 1-10 carbon atoms. 

The polysiloxane according to claim 1 or 2, wherein the structural unit (I) and/or the structural unit (II) shown in 
the formula (1 ) contains the group of the following formula (8), 



wherein P represents a single bond, a methylene group, difluoromethylene group, linear or branched alkylene 
group having 2- 10 carbon atoms, or a linear or branched fluoroalkylene group having 2-10 carbon atoms, Q is -O- 
or -COO-, and R 5 represents a hydrogen atom or a monovalent organic group dissociating with an acid to produce 
a hydrogen atom. 

The polysiloxane according to claim 2, wherein R 1 in the structural unit (!) and/or the structural unit (II) is a group 
of the formula (6) described in claim 2 and the group of the formula (6) contains a group of the formula (8) described 
in claim 3. 

The polysiloxane according to any one of claims 1 -4, containing a structural unit with a norbornane skeleton in 
addition to the structural unit (I) and/or the structural unit (II) shown in the formula (1). 

The polysiloxane according to any one of claims 1 -5, wherein the ratio (Mw/Mn) of the polystyrene-reduced weight 
average molecular weight (Mw) to the polystyrene-reduced number average molecular weight (Mn) determined 
by gel permeation chromatography (GPC) of the polysiloxane is 1 .5 or less. 

A process for producing a polysiloxane comprising polycondensing a silane compound (i) and/or a silane compound 
(ii) shown by the following formula (1 0) in the presence of an acid catalyst and further proceeding the condensation 
reaction in the presence of a base catalyst, 



— P — Q — R 5 



(8) 
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R 1 R 1 

1 6 1 6 

Si(OR 6 ) 2 Si(OR 6 ) 3 (10) 
R 2 

(i) (ii) 

wherein R 1 represents a monovalent aromatic group having 6-20 carbon atoms substituted with at least one group 
selected from the group consisting of a fluorine atom and fiuoroalkyl groups having 1-10 carbon atoms or a mono- 
valent alicyclic group having 3-15 carbon atoms substituted with at least one group selected from the group con- 
sisting of a fluorine atom and fiuoroalkyl groups having 1-10 carbon atoms, R 2 represents a monovalent aromatic 
group having 6-20 carbon atoms substituted with at least one group selected from the group consisting of a fluorine 
atom and fiuoroalkyl groups having 1-10 carbon atoms, a monovalent alicyclic group having 3-15 carbon atoms 
substituted with at least one group selected from the group consisting of a fluorine atom and fiuoroalkyl groups 
having 1-10 carbon atoms, a hydrogen atom, a halogen atom, a monovalent hydrocarbon group having 1 -20 carbon 
atoms, a haloalkyl group having 1-20 carbon atoms, or a primary, secondary, or tertiary amino group, and R 6 
individually represents a linear, branched, or cyclic alkyl group having 1-10 carbon atoms or a linear, branched, or 
cyclic haloalkyl group having 1-10 carbon atoms. 

A radiation-sensitive resin composition comprising (A) the polysiloxane according to any one of claims 1 -6 and (B) 
a photoacid generator. 

The radiation-sensitive resin composition according to claim 8, wherein the photoacid generator (B) comprises a 
compound generating trifluoromethane sulfonic acid or an acid of the following formula (1 7) upon exposure to light, 



Rf 4 tjtf 4 

Ra— C C-S0 3 H (17) 

Rf 4 Rf 4 

wherein Rf 4 individually represents a fluorine atom or trifluoromethyl group, Ra represents a hydrogen atom, flu- 
orine atom, linear or branched alkyl group having 1-20 carbon atoms, linear or branched fiuoroalkyl group having 
1-20 carbon atoms, substituted or unsubstituted monovalent cyclic hydrocarbon group having 3-20 carbon atoms, 
or substituted or unsubstituted monovalent cyclic fluoro-hydrocarbon group having 3-20 carbon atoms. 

10. The radiation-sensitive resin composition according to claim 9, wherein the photoacid generator (B) further com- 
prises a compound generating an acid of the following formula (18), an acid of the following formula (19), or an 
acid of the following formula (20) upon exposure to light, 

Rf 4 

RD-C-SO3H (is) 
Rfs 
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Rs— S0 3 H 



(19) 



5 



Rc— COOH 



(20) 



in the formula (18), Rf 4 represents a fluorine atom or trif luoromethyl group, Rf 5 represents a hydrogen atom, fluorine 
atom, methyl group, or trif luoromethyl group, Rb represents a hydrogen atom, a linear or branched alkyl group 
having 1 -20 carbon atoms, a substituted or unsubstituted monovalent cyclic hydrocarbon group having 3-20 carbon 
atoms, or a substituted or unsubstituted monovalent cyclic fluoro-hydrocarbon group having 3-20 carbon atoms, 
in the formula (19), Rs represents a linear or branched alkyl group having 1-20 carbon atoms or a substituted or 
unsubstituted monovalent cyclic hydrocarbon group having 3-20 carbon atoms, and in the formula (20), Rc repre- 
sents a linear or branched alkyl group having 1-20 carbon atoms, a linear or branched fluoroalkyl group having 
1 -20 carbon atoms, a substituted or unsubstituted monovalent cyclic hydrocarbon group having 3-20 carbon atoms, 
or a substituted or unsubstituted monovalent cyclic fluoro- hydrocarbon group having 3-20 carbon atoms. 

11. The radiation-sensitive resin composition according to any one of claims 8-10, further comprising (D) a nitrogen- 
containing organic compound as an acid diffusion controller. 

12. The radiation-sensitive resin composition according to claim 11, wherein the nitrogen-containing organic com- 
pounds is at least one compound selected from the group consisting of tri(cyclo)alky!amines, N-t-butoxycarbonyl 
group-containing amino compounds, pyridines, and piperazines. 
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